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SLEEPING SICKNESS AND 
NAGANA 


LSEWHERE in this issue of Nature (p. 89), we 
are publishing a very brief statement under the 
names of the late Dr. F. H. 8. Curd and Dr. D. G. 
Davey, of Imperial Chemical Industries, Ltd., relat- 
ing to the new drug ‘Antrycide’. This statement must 
be regarded as the scientific background of the Press 
conference held jointly by the Colonial Office and 
Imperial Chemical Industries, Ltd., on December 29. 
From the work which has already been done with 
‘Antrycide’, it appears to be of great value in the pro- 
phylaxis and cure of trypanosome diseases of cattle ; 
further, it has focused attention on one side of a very 
large and complex problem. In nearly all parts of 
tropical Africa tsetse flies (Glossina, of several species) 
prevail. These insects are the principal transmitters of 
the trypanosome infections of cattle, known generally 
as nagana, and the sole transmitters of human try- 
panosomiasis or sleeping sickness. The presence of 
tsetse flies generally renders it impossible to maintain 
cattle, and this prevents the development of mixed 
farming, or production of beef, and means that 
cultivation must be done by the human hand. There 
can belittle doubt, also, that tsetse flies have presented 
a great barrier to transport, and therefore to the 
penetration of Africa by Arabs and Europeans. The 
problem is being attacked, and parts of it have been 
solved, by medical and veterinary workers, and by 
protozoologists and entomologists. 

The entomological attack on tsetse has been by 
studying and attempting to alter the environment ; 
this has met with considerable success under certain 
conditions, particularly where the destruction of 
thickets has abolished the permanent haunts and 
breeding-places of some species of these flies. The 
method is now beginning to prove successful even 
against Glossina morsitans, a very widely distributed 
species and one which was particularly difficult to 
control. Some excellent ecology has been associated 
with this work: among other things, a method has 
been developed (based on marking individual flies. 
and determining the proportion of them in samples 
afterwards captured) of estimating the actual number 
of tsetse in an area. This quantitative work is of great 
value in studying the effect of bush-clearing on the 
fly community. 

One way of attacking thicket and altering the 
environment so that it becomes unfavourable to 
the fly is by human settlement and cultivation. The 
method requires a good knowledge of the ecology of 
the African peasant, and a study of his agricultural 
methods. There are now areas in both east and west 
Africa in which large numbers of Africans, with their 
cattle, are living in health, where even a few years 
ago this was impossible. Another line of attack is 
by the destruction of game animals, a method which 
has proved to be successful against G. morsitans 
(though not against certain other species of tsetse 
which have sources of food other than the game). 
The scientific justification is that the trypanosomes 
which attack cattle live in the blood of many sorts of 
game animals, which constitute a reservoir. More- 
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over, certain sorts of tsetse are so dependent on 
ungulates for food, that if game is destroyed (cattle 
being absent) the tsetse die out. Game destruction 
has produced valuable results in Southern Rhodesia, 
where it seems that some ten thousand square miles 
have been cleared of tsetse at the low figure of about 
£18 to the square mile. It should not, however, be 
thought that other tsetse problems can be dealt with 
in the same way. The destruction of game, repugnant 
but necessary, entails also the duty and indeed the 
necessity of making reserves where stocks of the wild 
animals may be maintained for all time, completely 
segregated from cattle. 

The use of insecticides is under study, and may 
prove valuable at least for special problems and in 
limited areas. The South Africans have had great 
success with a D.D.T. smoke, gut down from the air, 
over a small game reserve. Nevertheless, it can 
scarcely be expected that insecticides will be a practi- 
cal or economic way of tackling a fly-belt of thousands 
of square miles of unoccupied wilderness. 

The trypanosome diseases of man, generally known 
as sleeping sickness, have been curable for many 
years. Itisnow customary for itinerant teams, mainly 
African, to visit villages where outbreaks occur, giving 
immediate treatment by injection, and there is 
seldom need to take the patients into hospital. 
Provided the work is thorough and the early cases 
are diagnosed and treated, this method reduces the 
likelihood of fresh infections, so that Health Depart - 
ments are no longer afraid of epidemics and are stead- 
ily reducing the incidence of this disease. This 
represents an immense advance, the importance of 
which is not generally realized: for early in the 
present century, sleeping sickness, which was then 
incurable, was credited with the deaths of two-thirds 
of a population of about three hundred thousand in 
one part of Uganda, and was a frequent cause of 
depopulation in many parts of Africa. Certain drugs 
are also of great interest because they appear to give 
protection for some months, a factor which is of great 
value where men are exposed to particular risk. 

The veterinary problem was until recently extremely 
difficult. The disease known generally as nagana can 
be caused by several species of trypanosome which 
react differently to drugs. One of these in particular, 
Trypanosoma congolense, is extremely dangerous to 
cattle and has been difficult to cure. Owing to the 
curative and protective effects of ‘Antrycide’, it 
seems likely that it will soon be possible to keep cattle 
in areas at present occupied by tsetse, or at least to 
move them through a fly belt on their way to market. 
A moment’s reflexion will make it clear that the 
problem of treating large numbers of cattle which 
have never been handled and which range over large 
unfenced areas must be very difficult: and their 
owners, who are nomadic in many places, will have 
to be approached with understanding. Nevertheless, 
a way has been opened for attacking the central 
problem, and it must be expected that incidental 
difficulties will in due course be overcome. 

The whole subject of trypanosomiasis, fascinating 
in its complexity, has been recently dealt with in a 
series of reports written by experts and published by 
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the Colonial Office* The impression that one pp. 
ceives from these reports is that fertile, active researc) 
is progressing on many sides of the problem ; under 
certain conditions we can now conquer tsetse flieg 
and the infections which they transmit. There are 
some hundreds of thousands of people, and their 
cattle, living where they could not have lived before, 
Still larger numbers have been protected from 
sleeping sickness by the use of drugs, and now that 
it is possible to treat the cattle themselves, an even 
larger area will be available for development 

Summing up, trypanosomiasis of livestock jg 
probably of much more serious consequence to 
mankind than trypanosomiasis of man _ himself. 
The fight against both these forms of the infection 
is waged on two broad fronts, against the transmit. 
ting agent, the tsetse fly, on one hand, and against 
the actual parasite, the trypanosome, on the other, 
Potentially, one of the most important weapons in 
the campaign aimed directly at the trypanosome is 
chemotherapy; but hitherto this has been developed 
to a highly useful degree only against human, and 
not against animal, trypanosomiasis. Considerable 
areas of tropical Africa are rendered safe for man by 
measures which include, as an essential feature, so. 
called mass prophylaxis and mass treatment, whereby 
enormous numbers of Africans are treated by well- 
established remedies for sleeping sickness. Nothing 
on this scale has been possible hitherto against the 
trypanosomiasis of domestic stock, largely because 
of the relative inefficacy, until recent years, of 
chemotherapeutic agents against the most serious 
form of the disease affecting cattle, that due to 
Trypanosoma congolense. Vast tracts of land remain 
unsuitable for cattle raising, and this gives rise to a 
multitude of dependent evils, such as deficiency 
diseases due to low-grade protein dietary, and soil 
impoverishment due to over-cultivation and erosion 
of the limited areas to which populations are confined 
as @ result of the widespread incidence of tsetse fly. 
A big advance in the chemotherapy of 7’. congolense 
infection in livestock came with the introduction of 
phenanthridinium compounds by Browning, Morgan, 
Robb and Walls (J. Path. Bact., 46, 203; 1938), 
culminating in ‘Phenanthridinium 1553’, or ‘Dimidium 
bromide’. The new compound named ‘Antrycide’ 
represents a further striking advance, one especially 
valuable property of this substance being the pro- 
longed prophylactic period which is said to follow a 
single injection. 

Once more, however, it is necessary to give warning 
against expecting immediate and widespread results. 
To treat cattle even on the scale necessary to produce 
local improvement of diet and extension of agriculture 
will not be an easy task; extending the treatment 
to whole areas of Africa will clearly be necessary— 
and is no doubt in mind—before any large-scale 
effect on food-production or settlement can be 


expected. 


* Colonial Office. The Anchau Rural Development and Settlement 
Scheme. By Dr. T. A. M. Nash. Pp. 22+4 plates. 3¢. 6d. net. Try- 
panosomiasis in British West Africa. By Dr. T. H. Davey. Pp. 19. 
2s. net. Trypanosomiasis in Eastern Africa, 1947. By Prof. P. A 
Buxton. Pp. 44. 3s. net. Tsetse Flies in British West Africa. By 
Dr. T. A. M. Nash. Pp. 78+15 maps. 30s. net. (London: H.M. 
Stationery Office, 1948.) 
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A GEOLOGIST AND GEOGRAPHER 
IN EARLY NEW ZEALAND 


The Life and Times of Sir Julius von Haast 
Explorer, Geologist, Museum Builder. By H. F. von 


(Wellington, 
1948.) 


1142 + 25 plates. 


Pp. xxii 
41 Salamanca Road, 


Haast. 
Author, 


yZ.: The 
638. 

N December 21, 1858, Julius Haast, a thirty-six- 
year-old German, arrived in Auckland, New 
jealand; twenty-nine years later Sir Julius von 

Haast, K.C.M.G., F.R.S., died at Christchurch as one 

f the best-known men of science in the southern 
hemisphere. 

The story of these twenty-nine years is one of 
interest from the point of view of the scientific, 
altural and civic development of New Zealand in 
the first half-century of its existence as a self-govern- 
ing State, and tells of the advance of an unknown 
man to eminence against the handicap of foreign birth 
and accent and against the constant opposition of 
public men, who could see in geology no advantage 
~o their unsurveyed and largely unexplored country, 
unless it led immediately to new goldfields or payable 
coal mines. 

Julius Haast was not trained to be a geologist, 
although he took some lectures in geology at the 
University of Bonn, where he studied without 
graduating. When he left the University he spent 
eight vears travelling in Europe engaged in some 
mrecorded form of business activity, and in 1858 he 
accepted a commission from an English firm of ship- 
owners to visit New Zealand to report upon the 
prospects of a large-scale scheme for German emigra- 
tion to that colony. 

On the day following Haast’s arrivai in Auckland 
the Austrian frigate Novara entered the port. The 
Novara was on a scientific cruise around the world 
and carried a large staff of scientific men, among them 
Ferdinand Hochstetter, then a member of the 
Austrian Geological Survey, and later renowned as 
the organiser and first director-general of the Imperial 
Natural History Museum in Vienna. Haast, feeling 
very lonely in a strange land, was delighted to meet 
these fellow countrymen, and soon struck up what 
proved to be a lifelong friendship with Hochstetter. 

On the request of the New Zealand Government, 
Hochstetter was detached from the expedition in 
order to make a survey of the mineral and other 
resources of the colony. For nine months he toured 
the provinces of Auckland and Nelson, and took 
Haast along with him. This was the turning point 
in Haast’s life, for under the influence of Hochstetter’s 
enthusiasm and expert knowledge, geology, which 
previously had only been Haast’s hobby, became the 
main interest in his life. Business and emigration no 
onger interested him: he decided to be a geologist. 
It may be remarked here that one of the marvels of 
Haast’s career is that, except for the nine months he 
spent with Hochstetter, he had no real training in 
geology. He learnt modern geology from text-books 
nd kept himself up to date by scientific journals, all 
purchased from his own small salary—there were no 
scientific libraries in New Zealand in those days. 

Six months after the departure of Hochstetter, 
Haast made an offer to the Provincial Government of 
Canterbury to make for it a topographical and 
geological survey of that Province. The offer was 
accepted, but no formal agreement was drawn up ; 
and what was intended to be an undertaking of two 
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or three years duration became a major operation 
extending over a decade, in the course of which 
Haast ascended every Canterbury river to its source 
and mapped all the principal peaks of the Southern 
Alps, their outrunning spurs, their snowfields, 
glaciers and watercourses. 

Haast was not a shy man and took, or made, every 
opportunity of corresponding with all the best-known 
geologists, botanists, glaciologists and zoologists of 
Europe and America—among his numerous corre- 
spondents in Great Britain alone were Murchison, 
Lyell, Tyndall, Hooker, Ramsay, Huxley and 
Darwin. This, however, was not surprising, for he 
had much to tell them which they wished to know. 
Little of the geology of the southern hemisphere was 
then known, and so his geological survey of a con- 
siderable area of New Zealand was welcomed by 
geologists. In his survey he found evidence of a 
former great expansion of the glaciers of the Southern 
Alps comparable with the extension in the European 
Alps during the Great Ice Age; this, with its implica- 
tions of world-wide glaciation, was of intense interest 
to geographers and glaciologists. When a few years 
earlier Owen had described, on the evidence of a 
single bone, a gigantic wingless bird which had 
recently lived in New Zealand, the interest excited 
extended far beyond scientific circles. Subsequent 
discovery of further bones of the same species con- 
firmed Owen, and naturally every zoologist and 
museum director desired to possess at least one moa 
bone. Haast discovered not single bones but literally 
heaps of them, so that he could construct complete 
skeletons, and these he offered to his correspondents 
in return for museum specimens which he himself 
desired. In his mapping of the Southern Alps many 
new peaks, glaciers and rivers required names; in 
the absence of native names Haast ‘‘commemorated, 
as in a mighty cenotaph of Nature, the great scientists 
of the nineteenth century, and so it comes about that 
we find upon the map of New Zealand the names of 
the world’s representative scientists from all parts of 
the world”’. Practically every one of Haast’s scientific 
correspondents was commemorated in this way, and 
one of his greatest pleasures was to inform a corre- 
spondent of the fact. There is no wonder that within 
ten years of becoming a geologist, Haast’s name was 
well known in scientific circles. 

We cannot here follow Haast’s subsequent career 
in detail ; but the book tells us how he took a leading 
part in establishing in the young colony new intel- 
lectual activities, especially in art, music and educa- 
tion ; how he established and became director of the 
Canterbury Museum and made it by far the finest 
museum south of the equator; how he was sent to 
England in charge of the New Zealand exhibit at the 
Colonial and Indian Exhibition held in London in 
1886 under the presidency of the Prince of Wales, 
and how his energy in organising the New Zealand 
Court so impressed the Prince that he personally 
suggested to Queen Victoria that she should invest 
Haast with the K.C.M.G.; and how Haast died within 
a month of his return from London, full of honours 
and the respect of the citizens of Christchurch, who 
had been so slow to recognize his abilities twenty 
years earlier. 

The book is interestingly written by his son and 
will attract both scientific and non-scientific readers : 
it would, however, have been easier to read with 
enjoyment if it had not run to half a million words 
and had been less than four pounds in weight. 

GEORGE C. SIMPSON 
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DAVID DOUGLAS: BOTANIST 
AND TRAVELLER 


Douglas of the Fir 

A Biography of David Douglas, Botanist. By 
Athelstan George Harvey. Pp. x+290+6 plates. 
(Cambridge, Mass.: Harvard University Press ; 
London : Oxford University Press, 1947.) 22s. net. 


HEN a taxonomist describes some _ hitherto 

unrecognized form of life he is free to select 
what attributes he likes as the basis of the name 
by which the new organism shall be known—the 
specific name only, if he assigns it to an already 
established genus, and both generic and specific if it 
is different enough to warrant the setting up of a 
new genus. The name, in fact, reflects only the view 
of one individual as to what is appropriate, and it 
must be admitted that where such a name perpetuates 
the memory of a person, the person in question has 
often had very little real claim to such distinction. 
When, however, the common designation for a plant 
or animal includes a person’s name, one expects to 
find that the person has had much to do with making 
the organism widely known and has probably also 
taken an active part in the general field of explora- 
tion and distribution. Douglas’s name is attached 
to one of the finest and most important trees of the 
world, and one is ready to be interested in learning 
more about him. It was this interest that led the 
author of the book under review to undertake the 
collection of all traceable information about this 
enthusiastic exploring botanist and collector, who did 
so much some hundred and twenty years ago to dis- 
cover and introduce to Europe the wealth of trees 
and plants of western America, particularly the 
Columbia basin. 

David Douglas, whose Pacific Coast journeys were 
made between 1824 and his tragic death in Hawaii 
in 1834, was methodical in his habits, at least to the 
extent of keeping a diary, the surviving parts of 
which were published in 1914, extracts having already 
appeared in 1836 (through W. J. Hooker). His 
botanical enthusiasm, his pertinacity—doubly ap- 
parent when extra handicaps such as failing eyesight, 
an injured limb, or malnutrition had to be overcome 

and his faculty for getting on with the local 
Indians, were his outstanding characteristics, and 
they brought him in a relatively few years from a 
humble origin to general recognition as the most 
successful man in Europe in his chosen field. His 
rugged individualism was an important factor in his 
success on his travels, but got him into difficulties at 
home ; he must at times have been most aggravating 
to his companions, always wanting to do something 
different, usually something more difficult and more 
exhausting than nqcessary, such as walking when one 
could ride, or forcing a way through trailless riverside 
vegetation when one had a boat. His pertinacity 
and physical endurance never showed better than on 
the occasions when in fording rivers he lost the fruits 
of months of work, or equally in the way he carried 
on his back his specimens, dead and alive—for he 
was almost equally keen on animals, birds and rocks 

—sometimes hundreds of miles, perhaps only to lose 
them in the end to a predatory dog or rat. 

To Douglas, the tree we know as his ‘fir’, or 
Pseudotsuga tazifolia, was a pine—to this day the 
timber is ‘Oregon pine’—and pines were, perhaps, his 
greatest enthusiasm. His ultimately successful 
search after the sugar pine (P. lambertiana) is itself 
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a botanical epic, and it would perhaps be more fitting 
if his name were associated with it rather than the 
Pseudotsuga. He also introduced another pine, which 
from a restricted distribution in Monterey, California, 
is now among the most important in forestry, 
namely, P. insignis, as well as P. ponderosa, P 
monticola and P. sabiana were also discovered of 
introduced to Europe by him, not to mention Sitkg 
spruce (as P. menziesii), Abies nobilis and A. amabalis, 
Incidentally, the Douglas fir was discovered by Capt, 
Vancouver in 1792 and described by Lambert in 1893 
as Pinus taxifolia. Lambert, however, had no cones 
until Douglas brought him some, and then he de. 
scribed it as P. douglasii. 

The biography is illustrated by portraits of David 
Douglas, his father, and W. J. Hooker, and five good 
photographs of the country he explored. The sketch 
maps could be a good deal better. Thore is a selected 
list of Douglas’s introductions. The author had 4 
quite exceptionally interesting subject for his study, 
and the story has not lost in the telling. ‘ 

H. G. CHAMPIon 


‘POPULAR’ ANIMAL BOOKS 
Animal Wonderland 


Essays in Natural History. 
Pp. xii + 232 + 80 plates. 
Ltd., 1948.) 15s. net. 


Animals Alive 
By Austin H. Clark. 


By Frank W. Lane. 
(London : Country Life, 


Pp. viii + 472. (New York: 


D. Van Nostrand Co., Inc.; London: Macmillan 
and Co., Ltd., 1948.) 22s. net. 
HE two books “Animal Wonderland” and 


“Animals Alive”, the first by Frank W. Lane and 
the second by Austin H. Clark, are not only alike 
in their titles but also in the wide field they cover. 
Both are of the type termed ‘popular’, that is to say 
they present the layman with a variety of interesting 
facts concerning creatures great and small in non- 
technical language. Dr. Clark sets out to survey the 
animal kingdom from mammals (including man) to 
insects, spiders and more lowly beings. He points 
out that some of the smallest creatures are not the 
least in importance to us, for example, such domesti- 
cated insects as the honeybee and the silkworm. His 
book is very readable, and full of reliable in- 
formation. 

Mr. Lane’s book is also readable and entertaining. 
It is a collection of remarkable things concerning 
animals, culled from sources far and near. He begins 
with the “split second in Nature”’, and cites such facts 
as “a human sneeze rarely lasts more than a tenth of 
@ second, and some of the droplets in a hearty sneeze 
are shot out at a speed of one hundred and fifty-two 
feet per second, or just over one hundred miles per 
hour”. He goes on to such topics as “Accidental 
Death”, one of the illustrations to which shows & 
pike choked by trying to swallow another pike not 
much smaller than itself; “Have Animals a Time 
Sense ?” and many others; the last chapter being 
devoted to “A Species that was Saved”, namely, the 
North American bison, which after being nearly 
exterminated by the recklessness of hunters has been 
nursed back into @ safe position—Mr. Lane says the 
1933 figures showed a population of 21,701 bison. 

Frances Pitt 
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Mother Earth 





gecent Knowledge. By Dr. T. A. Ryder. Pp. 184. 
iondon: Hutchinson’s Scientific and Technical 
publications, 1947.) 158. net. 

HIS book deals with earth sciences other than 

their applied aspects. It gives a general account 
the origin, nature and features of the earth, its 
ydrosphere and atmosphere and a brief account of 
ihe solar system. Inevitably it covers much of the 
main field of text-books of physical geology and 
gography. No specialized knowledge is assumed, 
hut technical terms have crept in here and there. It 

3 designed to bring a wider appreciation of the more 
wriking aspects of recent research, and is generally a 
yell-balanced presentation. 

There is a regrettably large number of misstate- 
ments which detracts from the merits of the book. 
The lithosphere is described as the discontinuous 
ganitic layer, absent beneath the oceans, in one 
slace (p. 29), and elsewhere as including a lower, 
jasaltic portion (p. 35). Metamorphic rocks are 
scribed without reference to thermal effect (p. 30). 
{mmonites are not “almost invariably” an indication 
f Jurassic age (p. 32), nor do clays consist mainly 
{flakes of “alumina” (p. 37). The Yorkshire and 
Lincolnshire Wolds are not composed of Jurassic 
neks (p. 46), nor are Mauna Loa and Mauna Kea 
n the Philippines! The repeated reference to 
paleographic”” meaning ‘palwogeographic’ maps is 
unfortunate. The summary on p. 114 is no summary 
at all. “Ocean deep” in one place refers to the ocean 
basins, and in another to the oceanic troughs, and 
«0 on. From this far from complete catalogue, and 
ther minor errors in proof reading, it will be evident 
that the book must fall short seriously of the ex- 
ellent intentions of the author. Nevertheless, it 
combines an outline of a wide range of interesting 
developments written for the layman and not readily 
obtainable in this form. 





Life: its Nature and Origin 
By Jerome Alexander. Pp. ix+ 291. 
Reinhold Publishing Corporation ; London : 
man and Hall, Ltd., 1948.) 30s. net. 
HIS is an example of a ‘semi-popular’ book on 
science of a kind which seems to be characteristic 
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if the United States. The field covered is adumbrated 
in the first two sentences of the preface: “The 
mystery of life, so long unsolved, and by many 
regarded as beyond human understanding, has been 
slowly revealing itself in the light of scientific investi- 
gation. The purpose of this book is to present in 
coherent order sufficient facts regarding material 
biological phenomena to show that life is dominated 
by catalysise—the direction of chemical change by 
surface areas of specific structure and efficiency.” In 
pursuit of this aim the author wanders—alas, not 
very coherently—over a vast area which includes 
almost every topic from nuclear physics to modern 
psychology. He quotes rather extensively from 
detailed original papers, and certainly parades before 
his readers a huge and heterogeneous assemblage of 
facts and suppositions. But throughout most of the 
book, the theoretical structure which connects, say, 
& paragraph on the determination of the different 
castes in Hymenoptera with one on the recognition 
by rattlesnakes of their reptilian enemies amounts 
to no more than a repetition of the sentiment that 
here we have catalysis at work again. The book 
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should have been pruned to half its size; its argu- 
ment, which is by no means novel but probably 
worth stating clearly for a popular audience, would 
then have emerged much more forcibly. 

C. H. WADDINGTON 


Synthetische Methoden der organischen Chemie 
Von W. Theilheimer. Repertorrum 2. Pp. viii+ 309. 
(Basel and New York: 8S. Karger, 1948.) 35 Swiss 
francs. 

RGANIC chemists will welcome the appearance 

of this second volume of ‘“‘Theilheimer’’, in 
which are to be found references to most of the more 
important synthetic reactions, old and new, described 
in the European literature for 1944-46. This limita- 
tion to European sources is due solely to war con- 
ditions and is to be remedied in a later volume in 
which the American literature, inter alia, will be dealt 
with. In all, 845 reactions are cited, and it is interest - 
ing to note that half are from the Journal of the 
Chemical Society and one-third from Helvetica Chimica 
Acta. The reactions are arranged according to a 
system whi¢h is simple and clearly explained ; a good 
alphabetical index, which also covers the first volume, 
aids in the search for methods suitable for the syn- 
thesis of given types of compound. The information 
given under each reaction comprises the reference, 
supplemented if necessary by references to earlier 
key papers, and an outline of the experimental 
details. 

The book is well produced, convenient in size and 
stoutly bound, an important feature in a volume 
likely to be consulted so frequently. There is little 
doubt that “Theilheimer” has come to stay as an 
important adjunct to “‘Beilstein’’ in the literature of 
organic chemistry. H. N. Rypon 


Dipole Moments 

Their Measurement and Application in Chemistry. 
By Prof. R. J. W. Le Févre. (Methuen’s Monographs 
on Physical Subjects.) Second edition, revised and 
reset. Pp. v+118. (London: Methuen and Co., 
Ltd., 1948.) 5s. net. 


R. LE FEVRE has written a very lucid and 
useful little book that amply covers the subject- 
matter, as outlined by the title. The theory in 
Chapter 1 is clear and fairly simply presented, except 
perhaps in Debye’s derivation of orientation polar- 
ization (leading to the Langevin function), where the 
‘mathematics is abbreviated and the Maxwell-— 
Boltzmann distribution is used but not quoted as 
such ; however, this compression may be intentional 
in such a slim volume. Chapter 2 gives all the neces- 
sary information required for the measurement of 
dielectric constants by a variety of methods and the 
calculation of results: the main criticism that might 
be offered here is that some of the instructions are 
too detailed; for example, in quoting the valve 
numbers of the author’s electronic apparatus. 
Chapters 3, 5 and 6 on solvent effects, intra-molecular 
rotations and anomalous dipole moments respectively 
are all very comprehensive, but to the more general 
chemist the most interesting section of the book is 
Chapter 4. In this part a wide survey is made of the 
application of dipole moments to the solution of 
structural problems, and a large number of actual 
examples and papers are quoted and discussed. 
Finally, this book is well indexed and full of 
references, and it certainly lives up to the high 
standard that we have come to expect of this series 
of little monographs. 
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OBSERVATIONS WITH ELECTRON-SENSITIVE PLATES EXPOSED To 
COSMIC RADIATION* 


By Miss R. BROWN, U. CAMERINI, P. H. FOWLER, H,. MUIRHEAD 
and Pror. C. F. POWELL 
H. H. Wills Physical Laboratory, University of Bristol 


and D. M. RITSON 
Clarendon Laboratory, Oxford 


PART 2. FURTHER EVIDENCE FOR THE EXIST- 

ENCE OF UNSTABLE CHARGED PARTICLES, 

OF MASS ~ 1,000 m., AND OBSERVATIONS ON 
THEIR MODE OF DECAY 


NE of the first events found in the examination 

of electron-sensitive plates exposed at the Jung- 
fraujoch is represented in the mosaic of photomicro- 
graphs shown in Fig. 8. There are two centres, A and 
B, from which the tracks of charged particles diverge, 
and these are joined by a common track, ¢. Because 
of the short duration of the exposure, and the small 
number of disintegrations occurring in the plate, the 
chance that the observation corresponds to a fortuit- 
ous juxtaposition of the tracks of unrelated events 
is very small—of the order 1 in 10’. It is therefore 
reasonable to exclude it as a serious possibility. 
Further observations in support of this assumption 
are presented in a later paragraph. 
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An inspection of the track k shows that the particle 
producing it approached the centre of disintegration 
A. The range of the particle in the emulsion exceeds 
3,000 u, and there is continuous increase in the grain- 
density along the track in approaching A. Near A, 
the grain-density is indistinguishable from that of 
particles of charge e, recorded in the same plate, near 
the end of their range. 

The evidence for the direction of motion of the 
particle based on grain-counts is supported by 
observations on the small-angle deviations in the 
track due to Coulomb scattering. These deviations 
are most frequent near A, and the scattering is less 
marked at points remote from it. 

From these observations, it is reasonable to con- 
clude that the particle k approached the point A ; 


* Continued from page 51. 
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that it carried the elementary electronic charge 
and that it had reached, or was near, the end of it, 
range at the point A. We therefore assume that th 
particle & initiated the train of events represented by 
the tracks radiating from A and B. It follows tha; 
the particle producing track ¢ originated in star 4 
and produced the disintegration B. In order 4 
analyse the event, we first attempted to determin. 
the mass of the particle k. 


Mass Determinations by Grain-Counts 

About a year ago, experiments were maj 
in this Laboratory to determine the ratio, m=/my, of 
the masses of r- and u-mesons, by the method of 
grain-counting®, and by studying the small-angk 
scattering of the particles in their passage through 
the emulsion‘. The values obtained by the tw 
methods were ma/my = 1-65 + 0-11, and ma/m, - 
1-35 + 0-10*, respectively. Recent experiments at 


Berkeley* suggest that the true value is 1-33 + 0-02, 
a result which throws serious doubt on the reliability 
of the method based on grain-counts. Because of the 
advantage of this method, and of the important 
conclusions which have been based on it, experiments 
were made to determine the conditions in which 
reliable results can be obtained. 

In the first experiments*, the two most serious 
experimental difficulties arose from the fading of the 
latent image and from the variation of the degree of 
development with depth. This made it necessary to 

* For the following reasons, the limits of error quoted above, in the 
determination of mg/m, by observations on scattering, are less than 
those given in ref. 4. jously, values for the mass of the different 
types of mesons, classified phenomenologically, were given separately. 
It is now known, however, that at least the majority of the o-mesons 


are =—-particles; and the mesons, wt- and u«—-particles. The 
different results can therefore be combined to give a value for mq/my 


with a greater statistical weight. 
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work only with tracks formed contemporaneously ; 
to compare the grain-density along the tracks of the 
-. and u-mesons of the same pair. As a result, the 
tracks of the -mesons available for measurement 
were, in most cases, shorter than 400u. In con- 
tinuing the experiments, much more favourable 
conditions were obtained by using short exposures, 
so that the effects of fading were negligible; and by 
developing the plates by the method employed by 
Dilworth, Occhialini and Payne’, which gives a 
nearly uniform degree of development with depth. 
In the plates obtained by these methods, it is 
legitimate to compare the grain-density in the tracks 
of unrelated particles. Further, it is now known that 
at least the majority, and possibly all, the mesons 
which produce ‘stars’ are ~-particles**; and that 
most of the p-mesons are u*- and u~-particles. In 
determining m, and my, we have therefore made 
measurements on the tracks of =*+- and x~-, ut- 
and u~-particles, of length greater than 1,000y, 
comparing the results with those of similar measure- 
ments made on the tracks of protons. In these 
conditions, we have found ma/my = 1-33 + 0-05. A 
detailed account of the observations will be published 
elsewhere ; but, for the purpose of the present paper, 
it is sufficient to note that the results appear to be 
in good accord with those obtained by other methods. 
We conclude that, using the Ilford 
C2 emulsion in the new conditions, 
reliable information can be obtained. 
We have seen that the conditions 
of uniform development and absence 
of fading have been achieved in the 
present experiments with the new 
Kodak emulsions, and we therefore 
attempted to measure the mass of 
particles by similar methods to those 
employed with the Ilford plates. 
The results obtained in observations 
on the tracks of four protons and 
four u-particles, occurring in the same 
plate, are represented in Fig. 9. 
In this figure, the number of grains 
per unit length in the tracks is 
plotted for different values of the 
residual range ; and the mean values, 
for tracks of the same type, are 
indicated by the full lines. The ratio 
of the masses of the two types of 
particles can be deduced by making a 


Number of grains per 10 yu 
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comparison of the values of the residual 
range at which the grain densities have 
the same value. The result thus obtained 
is My = 220 + 20 me. 

Using similar methods, we have made 
estimates of the mass of the particle, 
k, and the measurements are repres- 
ented in Fig. 10. This figure shows 
the mean values of the grain-density in 
the tracks of the four u-mesons and 
four protons, together with the corre- 
sponding results for the particle k. 
All the tracks under consideration 
occurred in the same plate. 

Table 1 shows the values of the mass 
of the particle, k, as determined from 
these results, by making a comparison 
of the grain-density in the track of the 
particle with the mean curve for protons. 
The values thus obtained are all independ- 
ent and the mean is mz = 1,080 +- 160 me. 

Determination of the ratio, mp/mx, of the mass of a proton 
to that of particle, k, by grain-counting 
Individual independent values 
188 149 164 2-17 
166 1:27 169 2-13 
Mean value: 1-70; mz = 1,080 + 160 me 


TABLE 1. 


‘79 1°32 


m p/m, 1°77 1-7 
171 1°55 


The limits of error given above have been deduced 
in the following manner: We have compared the 
grain-density in the tracks of the four individual 
protons with the mean curve for the same particles— 
(see Fig. 9)—and have thus obtained a number of 
independent values for the apparent mass of each of 
these particles. The distribution in these values 
allows us to calculate the ‘probable error’ associated 
with the mass as determined from the observations 
on any one track, expressed as a percentage of the 
apparent mass of the particle. It is then assumed 
that the ‘probable’ percentage error in the calculated 
mass of the particle k has the same value. 

We have also determined the mass m, by studying 
the small-angle scattering of the particle, by the 
methods recently described‘, and the result thus 
obtained is my = 1,800 + 400 mg. If the true mass 
of the particle is 1,080 me, the chance that the value 
obtained by observations on scattering shall be equal 
to, or greater than, 1,800 mg, is one in four. Because 
of the large statistical fluctuations associated with 
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the observations in the scattering experiments, we 
give more weight to the measurements by grain- 
counting. It appears certain, from these observations, 
that the true value of ma, lies between 700 and 
1,800 me, and we think it highly probable that it is 
substantially less than that of the proton. Thus 
every individual point representing the grain-density 
in the track k, at a particular value of the residual 
range, lies below the corresponding points for each 
of the four protons. 


Disintegration ‘B’ 


The tracks, c and d, of the two particles emitted 
from point B are characteristic of protons or heavier 
particles, and we regard them as due to a disintegra- 
tion produced by the particle ¢. This particle was 
frequently scattered in passing through the emulsion 
and was therefore of low velocity ; and the evidence 
is consistent with the assumption that it had reached 
the end of its range at the point B. 

The only known slow charged particle which is 
capable of producing a disintegration of the type 
represented by star B is a x~-particle**. We there- 
fore assume that a negative meson of mass 286 me 


was created at the point A, and reached the end of 


its range to produce the disintegration B. 


Transmutation ‘A’ 


In order to interpret the transmutation A, we first 
made a detailed “examination of the tracks of the 
emitted particles. Of the two tracks a and 6, the 
former has a length in the emulsion of more than 
2,000 u, and ends in the surface, whereas 6 ends in 
the glass and is 1164 long. The grain-densities in 
the two tracks are equal to within the limits defined 
by the statistical fluctuations. The average grain- 
density in the long track a is 49-0 grains per 100 x ; 
that is, 2-17 times the value characteristic of minimum 
ionization for a particle of charge e. Unless we admit 
the existence of fractional values of the electronic 
charge, we must conclude that the particles producing 
the tracks a and 6 both carried charges of magnitude e. 

In order to determine the possible values for the 
energy of the particles producing tracks a and b, we 
have calculated the variation with energy of the 
specific ionization of ,a particle of charge e, from 
the formula of Halpern and Hall*, assuming the 
atomic composition of the emulsion to be identical 
with that of the Ilford C2 plates. This formula is a 
modification of that of 
Bloch'**; it applies to part- 
icles moving in a_ solid 
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TABLE 2. Values of the e and momentum of the particle pro- 

ducing track a, as deduced from the ed grain-density ang 

scattering, making various a concerning the mass of the 
c! 


Assumed particle m-meson y-mMeson 


(a) below 
minimum 
ionization 

(b) above 
minimum 
ionization 


proton lectrog 


Energy 235495 37413 27411 


in MeV. 


{ (a) below 
minimum 
ionization 

(b) above 
minimum 
ionization > 1,000 

(ce) from 
scattering 
observations 245+40 

(4) from 
momentum 

\ balance 


700 +160 109+ 22 80415 $+0-] 
Momen- 

tum J 
MeV/c 
1138+18 


100416 6841) 


98+5 





9845 9845 9845 
rons. The resulting values are tabulated in Table 2. 

There are two possible interpretations of the trans. 
mutation produced at A by the particle k. We can 
assume, either that the particle was captured by a 
nucleus, or that it decayed spontaneously. From the 
measured values of the mass of the particle, it would 
be possible, from the point of view of the conservation 
of mass and energy, to admit that, at the end of its 
range in the emulsion, it was captured by a nucleus 
and led to the ejection of two energetic protons and 
a m~-particle. It appears almost certain, however, 
that the release in a nucleus of such a large amount 
of energy would lead to the ‘evaporation’ of many 
nucleons, @ process commonly observed in plates 
exposed to the cosmic radiation; and that two 
protons of great energy would be only two com. 
ponents of a ‘many-pronged’ star. (It may be noticed 
that we cannot assume that the particle k was cap. 
tured by one of the rare nuclei of heavy hydrogen, 
present in the gelatine. In such an interaction, the 
algebraic sum of the charges on the two initial 
particles is 0 or 2e, whereas that of the product 
particles is e or 3e.) We shall see later that there are 
other objections to the hypothesis that the tracks a 
and 6 were produced by protons, or heavier nuclei 
of charge e. 

It follows from the above considerations that if we 
are to describe the transmutation in terms of particles 
of which the existence is already established, we must 
attribute the tracks a and 6b either to electrons, to 
u-mesons or to x-mesons. Considering the first of 
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ment for particles of low 
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energy. The results are 
shown in Fig. 11, where the 














specific ionization is plotted 
as a function of the quant- 








ity E/m, where E is the 
energy and m the mass 














of the particle, both quant- 
ities being measured in MeV. 
From Fig. 11, we have de- 
termined the possible values 
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’ Variation of the rate of loss of energy of a particle of charge je] as a function 
of the quantity JZ/m, where Z is the kinetic energy and m the mass of the particle, both 


quantities being measured in MeV. 
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these possibilities, we must assume the electrons to 
have had an energy value greater than that corre- 
sponding to minimum ionization, namely, greater than 
1,000 MeV.; for with the alternative lower value 
corresponding to the observed ionization, 300 keV., 
the particle would have had a range in the emulsion of 
oly about 1004, and would have been frequently 
wattered. The assumption that the particles a and b 
were electrons is therefore inconsistent with the con- 
servation of energy and can be rejected. We are left 
with the alternatives that the tracks were produced 


particle pro- 
der sity and 
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either by =- or by ~u-mesons. 
00 If the particles a and 6 were mesons, we must 
assume, in order to conserve mass-energy, that their 
8+ kinetic energies were 27 MeV. or 37 MeV., respect- 
ively, in the case of u- or m-mesons (see Fig. 11). In 
S45 either case, it appears to be very difficult to reconcile 
the observations with the assumption that the 
Table 2 particles were emitted as a consequence of the 
16 trans. liberation in a nucleus of the energy corresponding 
We can & 10 the rest-mass of particle k. We are therefore led 
ed by a to examine the possibility of explaining the observa- 
rom the If tions in terms of a spontaneous decay of this particle. 
athe. Assumption of a Spontaneous Decay of the 
id of its k-Particle 
nucleus In examining the possibility that the trans- 
ons and # mutation A corresponds to a spontaneous decay of 
owever, @ the particle k, we require to know the relative 
amount fF directions of motion of the three ejected particles. 
f many § For this purpose it is necessary to determine the 
plates shrinkage of the emulsion ; the ratio, S, of the thick- 
at two &@ ness of the emulsion during exposure to that after 
Oo com- it had been developed, fixed and dried. We have 
noticed | measured this quantity by examining the tracks of 
as cap- —§ a-particles, produced in the emulsion by uncontrolled 
irogen, § radioactive contamination. Among such ‘stars’, it is 
on, the possible to identify some, due to an original atom of 
initial § radiothorium, from which an «-particle of thorium C’ 
roduct was emitted. The shrinkage has been measured by 
ere ate @ determining the lengths of the projection of the 
acks a corresponding tracks on the surface of the emulsion, 
nuclei § and their apparent angles of ‘dip’. The value of the 
‘shrinkage’ thus found is S = 2:7 + 0-1. Knowing 
t if we @ the value of S, the original orientation of a track in 
irticles % the emulsion, before processing, can be determined, in 
e must @ favourable ceeos, with a precision of the order of 1°, 
ms, to by observing the apparent angle of ‘dip’ of the 
irst of @ particle, and the direction of its projection on the 
plane defined by the surface of the emulsion. Using 
these methods, the original directions of motion of 
the three particles a, 6 and ¢ were found to be 
coplanar. The departure of the direction of motion 
of any one particle from the plane defined by the 
7 other two is less than 4°. The error in this determina- 
nieces tion is largely due to the fact that track ¢ is of short 
range, and the particle producing it was of low 
so velocity, and frequently scattered. 
The values of the angles between the directions of 
—+—— motion of the particles in the common plane are 
aaa shown in Fig. 12. The observed coplanarity makes it 
— legitimate to assume that the three particles arise as 
oil 4 result of the spontaneous decay of the k-particle at 
the end of its range in the emulsion, and that they 
zt are the only product of its disintegration; that no 
7 neutral particles, which would escape observation, 
— are emitted. It follows that the vector sum of the 
10 @ momenta of the three particles must be assumed to 





be equal to zero. 
If we are correct in attributing the track ¢ to a 
=~-particle, it follows from the observed range, 45 u, 
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Fig. 12. Facsimile drawing of the event shown in Fig. 8. made 

with the projection microscope. The actual angles a and £, 

measured in the common plane of the three tracks, a 6 and ¢, are : 
La= 98°; 28 = 76-6° 


that the kinetic energy of ejection was 1-04 MeV. 
The corresponding value of the momentum of the 
particle is 17-5 MeV./c. From the observed directions 
of motion, the momenta of the particles giving tracks 
a and 6} are then found to be 98 + 5 and 104 + 5 
MeV./c, respectively. These values are to be com- 
pared with those corresponding to electrons or mesons 
listed in Table 2, which have been deduced from the 
observed grain-density in the tracks. We have seen 
that the values given in Table 2 for the momenta of 
the two particles, if they are assumed to be electrons, 
are many times too large. It follows that there is a 
wide departure from a momentum balance if the 
tracks a and b. are assumed to be due to either elec- 
trons or protons. Further, the values of the momenta, 
as deduced from observations on the scattering of 
the particles, are inconsistent with those obtained 
from grain-counts, if the particles are assumed to 
have been either electrons or protons (see Table 2). 

The agreement between the sets of values for 
mesons, however, is most remarkable, and gives 
strong support for the assumption of a spontaneous 
decay of the k-particle. Only a very rare com- 
bination of unrelated features, including the co- 
planarity of the tracks and the directions of motion 
of the particles in the common plane, the range of 
the particle t, and the specific ionization of the 
particles producing tracks a and 6, could produce 
such an agreement between the estimated values of 
the momenta, if the result is fortuitous. 

The values of the momenta of the particles pro- 
ducing tracks a and b, as determined by the three 
different methods, are consistent, within the errors 
of measurements, with the assumption of a spon- 
taneous decay of the k-particle whether the product 
particles are assumed to be u-mesons or ™-mesons. 
We can apply a further test by calculating the values 
of the rest-mass of the particle k which corresponds 
to the two different assumptions, and the results are 
tabulated in Table 3. 

Estimates of the mass of particle & based on total] release 
of mass and energy, for two assumed modes of decay 

(i) k-an- +a +a 


TABLE 3. 


Track ‘a’ Track‘b’ Track ‘t’ 

Particle nm x a 
Rest-mass (m,) 286 286 286 
Energy in mg, 61 64 2 

Total = mp = 985 mm. 

(ii) kam +e +H 
Particle Me “ x— 
Rest-mass (m,) 212 212 286 
Energy in me 76 81 2 


Total = mg = 869 me 


In calculating the energy of the particles producing tracks a and 
b, it is assumed that the particle producing track ¢t is a 2—-particle, 
of momentum 17-5 MeV./e; knowing the relative directions of 


motion of the three ejected particles, the momenta of the other two 
particles are determined, and hence the energies corresponding to 
any assumed mass. 
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It will be seen from Table 3 that the assumption 
of two u-mesons corresponds to a rest mass of the 
k-particle of 869 mg; and for two z-mesons, 985 meg. 
The assumption of different particles, one x- and one 
uu-meson, gives an intermediate value of approximately 
925 m. In view of the error in the direct determin- 
ation of mg, the results are not decisive. 

If the transmutation is to be interpreted in terms 
of particles of which the existence is already estab- 
lished, we are left with four possibilities for the 
nature of the particles producing tracks a and b. 
These are indicated schematically in Table 4. 


TABLE 4. Comparison of the observed and calculated values of the 


grain-density in track }, for various assumptions regarding the nature 
of the particles producing the tracks @ and db 


Assumed particles 
1 2 3 


Grain- 


Length of Number 
of density 


track in 
microns grains 
2100 1025 


4 


Track « 9+ n n a 
i 


4 1°5 
Track } 116 59 51+6 nm “ 7 
Calculated grain-density in d 45 45 34 64 


Values of the grain-density are given in grains per 100 «. 


For the following reasons, case 3, Table 4, is the most 
improbable. If track a is that of a ™-meson, we can 
calculate the momentum and the grain-density to be 
expected in track 6. We thus obtain the value of 
34 grains per micron instead of 51-0 + 6-0 as 
observed. For case 4, on the other hand, if a is a 
u-meson, the calculated grain-density for track 6 is 
64, a value which differs from that observed by an 
amount only twice that corresponding to the standard 
deviations. The observed grain-densities agree best 
with the assumption that the two particles are of the 
same type. 

Observations on the scattering of the particle 
producing track a are in better accord with the 
assumption thet it is a =-meson rather than a u-meson 
(see Table 2); but the results are again indecisive. 
We may sum up this evidence, and that provided by 
the mass determinations by grain-counting, by 
saying that there is some support for the view that 
the three product-particles are x-mesons; but that 
the alternative possibilities of one z- and two u-, or 
two =- and one u-meson cannot be excluded. 


Chance Juxtapositjon of Unrelated Events 


In the light of the analysis made in the preceding 
sections, we can now return to the original assump- 
tion that the event is not to be regarded as a fortuitous 
juxtaposition of tracks. The accuracy of the determ- 
ination of the mass of the particle k does not allow 
us to exclude the possibility that it has a mass as 
great as that of a proton, although the observations 
by grain-counts render it very improbable. Suppose 
then that a proton, unrelated to the particles pro- 
ducing the other tracks, came to the end of its range 
at A. Even with this assumption, the event is still 
difficult to explain in conventional terms. Many 
examples of x~-particles ejected from stars have 
been observed in this Laboratory*, but in the present 
instance the existence of a nuclear interaction in 
which two protons of great energy are emitted, un- 
accompanied by slow protons and «-particles, would 
remain to be explained. A similar difficulty is met if 
we assume that a particle producing one of the 
tracks, a or b, approached A and produced the 
transmutation. 

If, alternatively, the tracks c and d, diverging from 
star B, represent an unrelated disintegration—pro- 
duced, for example, by a y-ray—we could then 
assume track ¢t to be that of a proton. We are then 
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left with the difficulties associated with the features 
peculiar to star A, which must now be assumed to 
have been produced by a slow, charged particle ; 
difficulties which have already been discussed in a 
previous paragraph. These considerations give 
further support to the original assumption, that al] 
the tracks shown in the mosaic represent a succession 
of associated processes. 


Relation of the Present Results to Other 
Observations 


If a particle with the elementary electronic charge 
suffers a spontaneous decay, the law of the con. 
servation of charge demands that the number of 
emitted particles of charge e shall be odd. From 
this point of view, the sign of the charge of the 
original particle can have been either positive or 
negative. If the particles producing tracks a and 
form a pair of opposite sign, then the original 
k-particle was negative. The only other alternative 
is that they were both positively charged, in which 
case the k-particle was also positive. It is therefore 
possible that our observations correspond to a mode 
of decay of positive particles of mass approximately 
900 ms, and that the observation by Leprince- 
Ringuet* demonstrates the fate of the corresponding 
negative particles—nuclear capture with the pro- 
duction of a ‘star’ and the ejection of a =~-particle. 

Rochester and Butler* have published an expansion- 
chamber photograph which appears to be due to the 
spontaneous decay of a neutral particle of mass 
approximately 900 me. into a pair of oppositely 
charged particles of rest-mass approximately 300 me. 
We have therefore considered the possibility that 
the decay process suggested by the present results 
can be regarded as taking place in two stages: the 
emission of a x~-particle of low energy, followed by 
the spontaneous decay of the resulting neutral 
particle. On this view, however, it would be necessary 
to assume that the neutral particle has a life-time of 
the order of 10-* sec. Otherwise, in recoiling from 
the x-particle, it would move away from the original 
point of decay, and the two charged particles into 
which it became transformed would originate from 
@ point separated from the beginning of the track of 
the x~-particle. It follows that we cannot identify 
such a postulated unstable neutral particle with that 
for which evidence is provided in the experiments of 
Rochester and Butler. 

Finally, we have considered the possible relations 
of the present results to the particles of mass approxi- 
mately 800 me referred to as t-mesons, evidence for 
which has been recently reported by Bradt and 
Peters*. It is a remarkable feature of their experi- 
ments that their t-mesons give rise to no recorded 
secondary particles at the end of their range. It 
appears to be possible that these particles also decay 
with the emission of three fast mesons, but that the 
transmutation usually takes place with a more equal 
partition of kinetic energy than in the case we have 
observed. It would then follow that in the Ilford C2 
emulsion the disintegration products would commonly 
escape observation. If this view is correct, we must 
regard the event we have observed as representing ® 
rare example of a common mode of decay of these 
mesons ; an example which, by chance, has allowed 
a detailed analysis to be carried out. If so, the 
t-meson of Bradt and Peters, when recorded by 
electron-sensitive emulsions, should show the tracks 
of three particles, of low specific ionization, and of 
which the directions of motion are co-planar. 
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We have pleasure in thanking Prof. von Muralt 
ad members of the staff of the Jungfraujoch 
forschungsstation for hospitality and assistance in 
obtaining the exposures; Dr. E. R. Davies and Dr. 
w. E. Berriman, of Messrs. Kodak, Ltd., for special 
shotographie plates; Miss C. Dilworth and Dr. 
g. P. 8S. Occhialini for advice on development ; Mr. 
w. 0. Lock and Mr. J. H. Davies for assistance in 
mking observations on the scattering of particles 
in the emulsion; and to the team of microscope 
observers Of this Laboratory. We are indebted to 
Prof. N. F. Mott and other colleagues for a number 
of discussions on the processes associated with the 
capture of negative mesons by nuclei. 

Note added in proof. Since completing this article, 
we have been informed by Dr. Peters that, in Ilford 
(2 emulsions exposed at 90,000 feet, he and Dr. Bradt 
have observed three events with the following char- 
teristics. A particle, which they judge to be similar 
inmass to their t-mesons, appears to come to rest 
and to lead to the emission of a particle of smaller 
mass, Which, at the end of its range, produces a 
nuclear disintegration. The ranges of the secondary 
particles, in the three cases, are 20, 25 and 45un, 
respectively. The authors were not aware of our 
results when they suggested to us that their observa- 
tions May correspond to the spontaneous decay of 
heavy mesons. According to their description, these 
events are precisely similar to those we should 
expect to observe in C2 emulsions as a result of the 
spontaneous decay of heavy particles of the type we 
have postulated; for any particles of low specific 
ionization will not be recorded by the Ilford plates. 
The observations of Peters and Bradt appear, there- 
fore, to give further support for the assumption that 
the present observations are not due to a chance 
juxtaposition of tracks; and they suggest that it 
will be possible, in the near future, to find similar 
examples suitable for making a detailed analysis. 
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DEVELOPMENT OF LEATHER 
CHEMISTRY 


HE first applications of scientific knowledge to 

the problems of leather manufacture may be 
said to have been made about 1890, and the initiation 
in the following year at the Yorkshire College (now 
University of Leeds) of a course of lectures devoted 
to the subject was an indication that a new field of 
technology had gained recognition. Five years later, 
through the foresight and generosity of local tanners 
and the Worshipful Company of Skinners, a special 
department was built to house the new subject, and 
H. R. Procter was appointed to fill the newly created 
chair in 1898. 
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The industry, which was being encouraged to 
examine its methods along scientific lines, was one 
dating from primitive times, and little advance had 
been made in methods of manufacture or in the 
principles underlying them since their inception. 
Moreover, and perhaps because of this, the industry 
as a whole was a conservative one, and early workers 
in the field had to contend with a rooted distrust of 
new ideas which took a long time to break down. It 
was without doubt fortunate for the future develop- 
ment of the subject that the man chosen to hold a 
key position at the outset was Procter, who deservedly 
earned the title of ‘father of leather chemistry’. 
Working in a more leisurely age than the present, he 
did not publish his well-known theory of protein 
swelling until 1916; but during the intervening years 
he was laying the foundations firmly by his influence 
on the succession of students who passed through his 
hands, as well as by bis own published work. Largely 
by reason of his efforts, the industry was of a suffi- 
ciently scientific turn of mind by 1920 to support 
the foundation of the British Leather Manufacturers 
Research Association, which is one of the oldest 
associations of its kind in Great Britein. The growth 
of knowledge in this field, and the amount of 
work which has been done, may be appreciated by a 
perusal of three publications issued to commemorate 
the twenty-fifth anniversary of this Association’, 
which is, in effect, a summary of almost all important 
investigations relating to leather carried out during 
the period threughout the world. 

Since the materials used in leather manufacture 
are of many different types, both organic and in- 
organic, and as the processes employed involve to 
some extent the application of almost all branches 
of chemical knowledge, there can be few other 
industries in which the research worker must be 
familiar with so many different aspects of chemistry. 
Many problems have been elucidated by virtue of 
investigations in other subjects, probably the most 
fruitful contributions coming from _ biochemists, 
especially those working on proteins, as a result of 
which the composition and structure of the tanner’s 
most important raw material, collagen, is more or 
less settled. From the realm of organic chemistry 
have come numerous studies on the constitution of 
the tannins which, from Fischer’s early synthesis of 
penta-m-digalloy]-B-glucose and from Freudenberg’s 
work on the condensed tannins to the work of 
present day, have materially contributed to the under- 
standing of vegetable tanning. Information on these 
matters is, however, by no means complete, and 
recent research, especially on the important tannin 
constituent of mimosa bark, has directed the attention 
of leather chemists in particular to the importance of 
this line of investigation. 

In this branch of their subject, as in many others, 
leather chemists have in many cases made notable 
contributions not only to the understanding of their 
own problems but also to chemical knowledge in 
general. It may not be widely known that Procter’s 
work on the swelling of gelatine was promoted by 
the observation of swelling phenomena in hides 
during operations prior to tanning; and the dis- 
covery that chromium salts were valuable tanning 
agents led to @ large amount of research on the 
properties of their solutions, with results of wide 
interest. 

* Progress in Leather Science, 1920-1945. Vols. 1,2,3. Pp. xvi+705. 


(London: British Teather Manufacturers Research Association, 
1946-48.) 
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Much of the fundamental work on tannery pro- 
cesses has been concerned with the mechanism of 
tannin—collagen combination, although tanning itself 
is only one of a large number of operations involved 
in the manufacture of leather. Sev.ral general lines 
of attack on the problem have yielded valuable 
information, no matter which type of tanning agent, 
organic or mineral, has been under examination. 
The introduction in 1934 of the shrinkage temperature 
as @ measure of the thermal stability of collagen has 
been used not only as an indication of the increase 
in cross-bonding between adjacent polypeptide chains 
which occurs in some types of tanning but also as a 
means of clarifying protein structure; and some of 
the latest published work of Jordan Lloyd, who was 
director of the British Leather Manufacturers Re- 
search Association from 1927 until her death in 1946, 
was concerned with the shrinkage temperature of 
collagen in organic solvents. Modifications of the 
reactive groups in collagen by de-amination to remove 
the lysine amino group, removal of the guanidine 
group of arginine by Sakaguchi’s method, com- 
bination with formaldehyde, and methylation, have 
all been carried out; and the effect has been con- 
sidered on such properties as combination with acids, 
bases and tanning agents. Similarly, the influence of 
modification by tanning on the acid- and base- 
combining capacity of collagen, and the effect of 
combination with one type of tanning agent on its 
behaviour to another contrasted type, have been 
widely studied. The role of hydrogen ion concen- 
tration in manufacture is now well understood, and 
has been interpreted in conformity with the zwitterion 
theory of protein structure. 


The vegetable tanning process presents a number 
of questions which have not been answered; and 
several theories on the mode of combination of tannin 
and collagen have been proposed, ranging from an 
adsorption mechanism to salt formation involving 


the amino groups of the protein molecule. The 
concept of hydrogen bonds has been invoked to 
explain not only tannin-collagen combination, but 
also the relatively large amount of tannin fixed in 
leather ; and it is thought that tannin is bound to 
tannin by means of hydrogen bonds, and that 
only about half the tannin shown by analysis to be 
‘fixed’ is actually attached to the protein. In fact, 
all types of chemical bonds play a part in the process 
to an extent depending on the constitution of the 
tannins present, external conditions in the tan 
liquors, such as pH and other factors; and it would 
be impossible to distinguish the extent of each in 
any given sample of leather. More important from 
the tanner’s point of view is the fact that much 
knowledge has been gained about the functions of 
the non-tannin constituents of the liquors with 
which he makes sole leather, especially the large 
number of acids and salts present, which have a 
profound effect on the quality of the leather produced. 
In this case, the problem has largely been one of 
analytical procedure and has been partly solved by 
the use of ion-exchange resins, combined with the 
examination of the titration curves of the liquors ; 
but recently the method has been subjected to some 
criticism. 

The chrome-tanning process has proved no less 
intractable than that using vegetable tannins. It 
was not until some insight had been gained into the 
chemistry of chromium salts that any successful 
attempt could be made to enunciate a theory which 
would explain the phenomena accompanying chrome- 
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leather manufacture, although the conditions neces 
sary for successful tannage were known long bef 

the reasons for them, especially the importance of th 
acidity of the bath. The application of Werner; 
co-ordination theory has proved of enormous val, 
in explaining the course of the reaction, and mow 
theories assume the co-ordination of the chromiyn 
complex with some part of the collagen molecule. 
The increase in pH necessary to obtain combination 
between collagen and the chromium compound 
affects both the complex itself and the protein, and 
co-ordination could occur between an ionized carboxy! 
group and the complex. It seems very likely tha: 
combination takes place between adjacent poly. 
peptide chains through the complexes, and thig js 
one explanation of the high degree of stability 
of chrome-tanned leather towards boiling water. 
Attempts to explain chrome-tannage on the basis of 
salt formation have not been so successful, except in 
cases where anionic complexes are present in the 
tanning bath. 

What -might be referred to as less important 
methods of tanning have not received as much 
attention, except in the case of formaldehyde, whicl 
is linked to the wider problem of the protein- 
formaldehyde reaction. Quinone tannage, although 
of no commercial importance at present, has never- 
theless been investigated for the light it throws on 
the vegetable tanning process. 

Many operations other than tanning have been 
investigated by leather chemists; but space allows 
mention of only a few. The liming process for the 
removal of hair, especially the function of unhairing 
agents in accelerating the reaction, has been explained 
in the light of a great deal of work carried out on 
wool, while the effect of the same operation on 
collagen has been shown to involve mainly the amide 
groups and possibly the arginine. The most important 
modification which collagen undergoes in liming is in 
the alteration of the fibre structure due to plumping, 
and in the separation of the fibre bundles into fibrils. 

Some of the most valuable work carried out, 
particularly by the British Leather Manufacturers 
Research Association, has been in the development 
of microscopic examination as a guide to the quality 
of leather, and the large number of photographs 
in the publications referred to bears testimony 
to the extent to which this method has been 
adopted. In the field of physical testing, methods 
have been introduced for the determination of 
permeability of leather to water and water vapour, 
resistance to abrasion and allied phenomena, all of 
which, with certain reservations, give @ more 
immediate and practical indication of quality in use 
than the older method of chemical analysis. A great 
deal of less spectacular work has enabled tanners to 
overcome faults derogatory to the value of their 
products, such as stains resulting from bacterial 
action in the curing of the raw hides, various exud- 
ations known under the term ‘spues’, liability of some 
leathers to rot in acid atmospheres and many other 
similar defects. These operational problems have been 
the cause of a large amount of work in Great Britain 
and the United States for a number of years ; but it 
is true to say that the resistance of vegetable-tanned 
leathers to acid deterioration especially has been 
markedly increased. 

It has been possible in a short space to indicate 
briefly no more than a few of the advances made 
during the last quarter of a century. The chief con- 
tributions to the problems involved have been made 
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HE discovery of a new drug, ‘Antrycide’*, showing 
great promise in comprehensive field trials as 











We give in Table | a brief summary of the experi- 
mental findings obtained with one of these salts in 
the treatment of various trypanosome infections in 
mice ; in all experiments the drug was administered 
subcutaneously. 

Against a T'rypanosoma congolense infection, a 
single dose of 1 mgm. of ‘Antrycide’ chloride per kilo 
body-weight was curative. Half this dose effected a 
proportion of cures. Similarly, activity was shown 
by this compound against many other experimental 
trypanosome infections, for example, against those 
due to 7’. rhodesiense, T. brucei, T’. evansi (India), 
T. evansi (Sudan), 7’. equiperdum and 7’. equinum. 
Susceptibility to the drug of the different trypanosome 
species was not uniform throughout the series, but 
by adjustment of the dose, cures could be obtained in 
every case. We did not encounter marked toxic 
effects even with doses many times those necessary 
for cure. 

It should be noted that the figures in Table 1 
relate to particular strains of the trypanosome 
species indicated. Some variation was experienced 
with certain other strains ; for example, one strain of 
T. congolense, isolated in Kenya, showed marked 
resistance compared with the Busimbi strain, and a 
dose of about 2-5 mgm./kgm. was required to produce 
consistent cures in mice. 

‘Antrycide’ salts also possess marked prophylactic 
action against experimental trypanosome infections. 
Mice, rats and rabbits were first treated with the 
drug, and then after a varying period of time were 
‘challenged’ with trypanosomes. It was found that, 
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Table 2. Prophylactic experiments in mice infected with 7’. congolense 
(Busimbi) using ‘Antrycide’ chloride 





Interval between dos- 
ing and challenging 
(days) 


Dose 
(mgm./kgm.) Result 


10/10 P 


as P 


aj P. 7117 
a/s P 


aj8 P 


a/al 
26P. 4/6/1 
s/s i 











Our laboratory results appeared to us to justify 
field trials, and in association with the Tsetse Fly 
and Trypanosomiasis Committee of the Colonial 
Office, and with the Sudan Government, veterinary 
trials were commenced in Africa. Although these 
trials are still incomplete, the evidence already 
available shows that ‘Antrycide’ salts may be admin- 
istered subcutaneously with ease and safety and, in 
single doses, have cured infections of 7’. congolense, 
T. vivax and 7’. brucei in cattle, 7. brucet in horses, 
donkeys and dogs and 7’. evansi in camels. ‘Antrycide’ 
salts have also been shown by us to give considerable 
protection to cattle against subsequent infection with 
T. congolense and 7’. vivax. Experiments are still in 
progress to determine the duration and the character 
of this prophylactic action, and to ascertain whether 
the drugs can be used successfully for the protection 
of cattle maintained in or transported through tsetse 
areas of tropical Africa. The goed correlation 
obtained so far between laboratory and field results 
encourages us to expect prophylactic effects of 
importance. 


OBITUARIES 
Dr. F. H. S. Curd 


THE tragic death on December 2 of Francis Henry 
Swinden Curd, following injuries received a few days 
earlier in a railway accident, robs chemotherapeutic 
research of one of its foremost workers, and at an 
age when his qualities were approaching full fruition. 

Born in 1909, he received his early education at 
Bancrofts School, Woodford. Passing to East London 
College (Queen Mary €ollege), he graduated in the 
honours school of chemistry in 1930. There began 
his association with Dr. (now Prof.) Alexander 
Robertson, with whom he remained when the latter 
was appointed to the London School of Hygiene and 
Tropical Medicine. Until 1933 he collaborated in 
researches on the synthesis of compounds related to 
the lichen acids, for which he gained his Ph.D. 
Although this work did not bear directly on the 
chemotherapy of tropical diseases, there is little 
doubt that his interest in this subject was first 
aroused during the years spent at the London School. 

In 1933 he entered the research laboratories of 
Imperial Chemical Industries, Ltd., at Blackley, 
Manchester, and like many earlier workers in the 
field of chemotherapy, served his apprenticeship on 
an inves::gation of the chemistry of dyestuffs. Some 
part of his time, however, was given to a continuation, 
with Mr. 8S. Ellingworth, of the studies on the styryl- 
quinoline series of trypanocidal drugs which the 
latter worker had earlier begun with Prof. J. B. 
Cohen. In 1936, he was seconded to the newly 
formed Medicinal Chemicals Section, and for the next 
three years devoted his full attention to trypano- 
somiasis. 
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The shadow of approaching war caused this work 
to be interrupted, and Curd began the task of devising 
routes to the German synthetic antimalaria! drugs 
‘Atebrin’ (‘Mepacrine’) and ‘Plasmochin’ (‘Pama, juin’), 
Despite the lack of published information on pro. 
parative methods, these problems were solved during 
1939, and his work laid the foundation for a large. 
scale manufacture, particularly of ‘Mepacrine’, at 
that phase of the War when the drug wa 
urgently needed. 

Experience with this substance indicated its short. 
comings and, as in other parts of the world, stimulated 
the search for more effective agents. Curd was again 
entrusted with this task, and he began by making 
an exhaustive study of the existing extensive litera. 
ture on the chemotherapy of malaria (Ann. Trop. 
Med. and Parasit., 1943) which stands as a model 
of what such a survey should be. His attention was 
early directed to the pyrimidine nucleus as the basis 
for new synthesis, and with his colleagues he rapidly 
developed entirely new chemotherapeutic types 
which culminated in the preparation, in 1944, of 
the diguanide ‘Paludrine’. For his part in this work 
he was awarded in 1947, jointly with D. G. Davey 
and F. L. Rose, the Gold Medal for Chemotherapy 
of the Worshipful Society of Apothecaries. 

More recently, Curd’s attention had turned again 
to the problem of trypanosomiasis; and although he 
died before seeing the completion of his new work, 
there is little doubt that the outcome of his later 
researches, when fully revealed in the results of field- 
trials now in progress in Africa, will mark him as an 
outstanding figure in chemotherapeutic research, 
and will emphasize the national significance of his 
loss. [A preliminary account, with Dr. D. G. Davey, 
appears on p. 89.—Eprrors.] 

Curd’s personal attributes were known to a wide 
circle of friends in industry, universities and research 
institutions. A natural gentleman, at all times charm- 
ing and modest, he was characterized by meticulous 
care in all he did, and by an enthusiasm which 
inspired everyone with whom he came in contact. 
He leaves a widow and three young daughters. 

F. L. Rose 
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By the death of F. H. S. Curd the science of chemo- 
therapy has lost an outstanding contributor. In the 
years he devoted to the chemotherapy of the parasitic 
diseases, Curd and his co-workers achieved results 
the scientific and practical importance of which have 
not been surpassed in this field. That the investiga- 
tions in which he was engaged proceeded with smooth- 
ness and certainty was largely due to Curd’s personal 
qualities. His sound common sense, well-developed 
critical faculties, and an unassuming wealth of know- 
ledge allied to remarkable technical ability ensured 
the hearty co-operation of his associates, chemical, 
biological and medical, and promoted the directional 
stability of the investigations in which he played so 
prominent a part. His place will indeed be difficult 
to fill. A. R. D. ADams 


WE regret to announce the following deaths : 


Mr. J. H. Coste, chemist-in-chief of the London 
County Council during 1913-36, on January 3, aged 
seventy-seven. 

Mr. T. Petch, formerly Government mycologist, 
Ceylon, later director of the Ceylon Tea Research 
Institute, on December 24, aged seventy-eight. 
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NEWS and VIEWS 


Manchester : 
Prof. M. G. Evans, F.R.S. 


Pror. M. G. Evans goes from Leeds to Manchester 
this month to succeed his former teacher and collab- 
ator, Prof. M. Polanyi, in the chair of physical 
hemistry. In 1939 he was appointed to the chair 
f physical chemistry in the University of Leeds, 
made vacant by the death of Prof. H. M. Dawson, 
and in 1945, when Prof. R. W. Whytlaw-Gray 
retired and the Departments of Inorganic and 
Physical Chemistry were fused, he became the senior 
professor in the combined department (see Nature, 
156, 386; 1945). Immediately on appointment to 
Leeds, Prof. Evans found himself confronted with 
all the problems of adapting the work of an important 
aching and research school to war-time conditions ; 
but not content merely to keep an efficient depart- 
ment going, he laid the foundations for the great 
levelopments which have since taken place. His 
infectious enthusiasm for his subject has been as 
effective in teaching as in research, and the inspiring 
riginality which he brought to bear on the organisa- 
tion and conduct of the teaching of inorganic and 
physical chemistry in Leeds will long continue to 
exert its influence there. 

Prof. Evans’ researches in many fields of physical 
chemistry were recognized by his election to the Royal 
Society in 1946. While in Leeds he has contributed 
largely to the knowledge of the reactions of free rad- 
icals in aqueous solution, with special reference to poly- 
merization reactions. His work has been characterized 
by a particularly happy combination of experiment 
and theory, and his theoretical work on the energetics 
and kinetics of free radical and polymerization re- 
actions has been especially noteworthy. He has 
also made important contributions to the study of 
oxidation-reduction reactions and of diffusion prob- 
lems. During the War Prof. Evans played a leading 
part in planning and carrying out investigations on 
chemical defence problems. His activities ranged 
over a wide field, and whether in committee work, in 
theoretical discussions or in practical breathing tests 
in toxic clouds, he did not spare himself. During 
the past nine years, Prof. Evans has given unstinting 
service to the University of Leeds as a whole. His 
transference to Manchester will be felt not only in 
the Council, Senate and lesser bodies at Leeds, 
but also by many of his colleagues who have been 
accustomed to rely on his wisdom, good judgment 
and human sympathy for help in a variety of matters 
often very remote from chemistry. 


Mining at Birmingham : Prof. S. G. Ward 


Pror. Stacey G. WaRD has accepted the invitation 
of the Council of the University of Birmingham to 
the chair of mining and to become director of the 
Mining Department; he is relinquishing the chair of 
chemical engineering which he has held since 1946. 
Prof. Ward obtained his fundamental scientific and 
engineering education in the Imperial College of 
Science and Technology, London, and carried out 
research in pure chemistry before transferring to 
research on coal. He has been intimately connected 
with the mining industry since 1930, when he joined 
For three years 
prior to appointment in 1937 to the staff of the 






Physical Chemistry at 





Mining Department at the University of Birmingham, 
he was field research and liaison officer to the British 
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Iron and Steel Federation. He was acting professor 
of mining from 1943 until the appointment of Prof. 
T. David Jones in 1947, and, at the request of the 
Faculty of Science, became acting head of the Depart- 
ment after Prof. Jones’ death in that year. 

It is intended to expand the Department of Mining 
at Birmingham, which includes coal mining, coal 
preparation and treatment, metalliferous mining and 
mineral dressing, not only on the teaching side but 
also, and particularly, in connexion with research. 
Special attention will be paid to teaching funda- 
mental subjects and principles involved in mining, 
and it is hoped to reserve time in the course for liberal 
studies. The research work will be expanded, in the 
first place, on that now in progress on fundamental 
problems of ventilation, drilling, mine lighting, 
mineral dressing, coal constitution, spontaneous com- 
bustion and coal cleaning (on which Prof. Ward has 
had a team working for some time). Special post- 
graduate courses for those who have had industrial 
experience will be introduced. The reorganised 
Department will eventually be accommodated in new 
buildings and laboratories which have already been 
planned but for which building permits cannot yet 
be obtained. 


Physiology at Liverpool : Prof. R. A. Gregory 


Dr. R. A. GreGoRY, who has recently been 
appointed to the Holt chair of physiology in the 
University of Liverpool, is an honours graduate in 
physiology of the University of London (University 
College). While at University College he held the 
Bayliss-Starling Memorial and Sharpey Scholarships, 
and received College and University awards. His work 
up to that time had been on biochemical problems of 
carbohydrate metabolism, the circulation, with part- 
icular reference to the metabolism of the heart, and the 
resistance of the body to hot environments. In 1939 
he was awarded a Rockefeller Foundation Fellow- 
ship, spending most of his time in A. C. Ivy’s labora- 
tory in Chicago, where he became interested in 
problems of the gastro-intestinal tract. On his return 
to Great Britain, the surgical technique he had 
acquired enabled him to make valuable contributions 
to one of the war-time research projects fostered by 
the Ministry of Supply. After the War, during which 
he held the post of lecturer at University College, he 
was appointed senior lecturer in the University of 
Liverpool and resumed his work on the fundamental 
physiology of digestion. In addition to numerous 
papers in physiological journals, he has contributed 
chapters to Wright’s “Veterinary Anesthesia” and 
Winton and Bayliss’ “Human Physiology”. Prof. 
Gregory succeeds Prof. W. H. Newton, who has been 
appointed to the chair of physiology at Edinburgh. 


Wellcome Chemical Research Laboratories : 
Dr. S. Smith 


Dr. SypNrEy Situ, who recently retired from his 
appointment as director of the Wellcome Chemical 
Research Laboratories, will retain a connexion with 
the Wellcome Foundation, Ltd., as consultant. Dr. 
Smith joined the staff of the Wellcome Chemical 
Works at Dartford in 1914 and served for many 
years as head of the experimental laboratories. He 
initiated and developed many important technical 
processes, and in pure research became well known 
for his discovery of digoxin. He became works 
manager in 1936, and in the following year was 
appointed a director of the Wellcome Foundation, 
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Ltd. In 1941 he left the works in order to establish 
the new Wellcome Chemical Research Laboratories 
at Beckenham. Here, after setting up temporary 
laboratories, he was responsible for the planning and 
development of the extensive permanent laboratories 
opened in 1946. 


A Giant Meteorite 

LN the issue of L’Astronomie for October 1948 there 
is an account of an enormous meteorite which, on 
February 12, 1947, fell in the Sihot-Alin chain of 
mountains, in the vicinity of the Amoor River, 
Eastern Siberia. M. Krynov, secretary of the Com- 
mission of Meteorites of the Academy of Sciences 
of the U.S.S.R., who took part in the expedition 
which investigated the nature of the phenomenon, 
states that this meteorite is probably one of the 
largest that has ever struck the earth, and M. 
Fessenkov, who presides at the work conducted on 
meteorites, believes that the object was a minor 
planet. The fall was observed by the inhabitants 
of towns and villages over a radius of 200 kilometres 
around the place of impact, and those who were 
questioned agree that the body was moving from 
north to south, that its time of flight was between 
four and five seconds, and that it was more brilliant 
than the sun which was then shining on a beautiful 
morning in a clear sky. The noise of the fall and 
of a series of explosions which accompanied the 
flight of the object could be heard at distances of 
200 km. Preliminary estimates of its mass give this 
as about a thousand tons. 

It has been estimated that the speed of the meteorite 
was about 20 kilometres a second and that its surface 
temperature, acquired by friction with the atmo- 
sphere, was of the order of 5,000°C. It broke up 
into thousands of fragments of various sizes, and 
these lost their speed by friction with the atmosphere, 
falling on the earth merely by its gravitational attrac- 
tion. Pieces were found over an area represented by a 
circle of 12 km. radius. In an oval sector of 0-75 sq. 
km. the members of the expedition found more than a 
hundred funnels in the rocks, caused by the fall of 
the debris, the diameters of these funnels varying 
from 0-5 to 28 m., and some of them attained a 
depth of 6 m. All around were found trees over- 
thrown or damaged, and a number of large cedars 
were found split in two. On examining very carefully 
the neighbourhood of the fall, the expedition of 1947 
discovered 257 fragments of the meteorite, varying 
in weight between 0-16 gm. and 1-8 tons, and about 
5 tons of cosmic iron were collected, while the next 
expedition in 1948 collected about 4 tons more. 
Aerial photographs of the region were taken during 
1948, and about 48 sq. km. have been declared a 
closed district and placed at the disposal of the 
Academy of Sciences of the U.S.S.R. for five years. 


Jurassic Holostei 

THE questions of the classification of the fishes and 
of the interrelationships of the different groups are 
occupying the attention of modern zoologists. In 
such a study, which involves fossil forms, a consid- 
eration of the bones of the skull and their homologies 
must play an important part. The dermal bones, 
among other skeletal structures, are often quite well 
preserved and so have received much attention. On 
the other hand, the neurocrania, being partly ob- 
scured by the dermal bones and only capable of study 
in particularly well-preserved specimens, are nothing 
like so well known although quite important. Hence 
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the interest of a study of the neurocrania o{ some 
Jurassic Holostei recently made by Dr. Dorothy 
Rayner (Phil. Trans. Roy. Soc., B, 601; 1948), 4 
special technique involving the grinding of the 
specimen and the taking of @ series of transfers 
0-1 mm. apart was elaborated from a previous method 
suggested by E. C. Case in 1937. An appendix 
describes the technique fairly fully, and it wil! prob. 
ably be of use in other lines of work involving the 
sectioning and reconstruction of fossil material, Jp 
spite of considerable variation in the neurocranial 
ossifications, which differ among closely related forms 
and apparently in the same species with difierence 
of age, there is, save in the supraoccipital and Post- 
otic regions, sufficient similarity to allow of broad 
homologies being drawn. ‘This and other evidence 
adduced suggests that the Jurassic Holostei may be 
regarded as a natural group. Two particular points 
may be noted. There is sufficient similarity between 
the neurocrania of the Jurassic Lepidotus and the 
living Lepidosteus to suggest relationship between 
them, and in Caturus and Dapedius there is a lateral 
cranial canal without external opening to which, at 
present, no function can be assigned. 


Mental Health and World Citizenship 


Tue World Federation for Mental Health has pub- 
lished as a booklet a statement produced by the 
International Preparatory Commission for the Inter- 
national Congress of Mental Health which met in 
London in August 1948. Although the statement will 
appear in the published Proceedings of the Congress, 
the expressed wish that it should be given a wide 
circulation has resulted in its production in the 
present furm. The International Preparatory Com. 
mission sat for a fortnight prior to the Congress and 
was made up of twenty-four persons from ten 
different countries representing the points of view of 
sociology, psychology, psychiatry, social work, 
anthropology, political science, philosophy and 
theology. As the raw material for its deliberations, 
reports were available from three hundred preparatory 
commissions composed of about five thousand 
workers in the different fields who had been working 
during the preceding year in twenty-seven countries. 
The booklet is obtainable from H. K. Lewis and Co., 
Ltd., 136 Gower Street, London, W.C.1. 


Family Health Service in South Africa 


THE current issue of Biology and Human Affairs 
(14, No. 2; Autumn 1948) contains an article on the 
Family Health Service in South Africa, where twenty 
health centres have been established in various parts 
of the country by the Ministry of Health. A descrip- 
tion is given of the Polela Health Centre which was 
set up in 1940 in a rural native reserve in south- 
western Natal. The family health service was first 
applied to a small area within the reserve and was 
gradually extended until, within four years, almost 
six thousand people were included in the scheme. 
This has led to a marked improvement in the health 
indices in that part of Polela where the family health 
service is in operation, and other health services 
have now been planned for the reserve, so extending 
the facilities to the entire population of the area. 
The article contains a detailed account of the way in 
which the service has been organised. 


Humanitas 
THE autumn number of Humanitas, just issued, 
completes the second year of publication of this 
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orothy Br quarterly journal. Throughout its eight issues, 
1948), 4 Humanitas has maintained an admirably high 
g of the tandard. It is edited by a joint board of university 
“tr nafers students and teachers, under the chairmanship of 





Prof. M. Polanyi. Its contributors include Bertrand 
Russell, D. M. MacKinnon, C. V. Wedgwood, Sher- 
wood Taylor, C. F. von Weizs&cker, Storm Jameson 
and Dorothy Emmet. In its scope it embraces the 
shilosophy of science and history, and questions of 
nligion and education. Its purpose is to awaken 
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ted Pee interest in the moral and social responsibilities of 
difierence {q eholarship. The autumn number is notable because 
and post. jy contains & full text of the recent broadcast between 
of broad Bertrand Russell and Father Copleston. Humanitas 
evidence  ™ay be obtained from Dr. W. Schenk, University 
i may be College, Exeter. 
gta Colonial Service: Recent Appointments 
and the THE following appointments in the Colonial Service 
between fg have been announced: H. A. Fooks, temporary 
a lateral @ assistant conservator of forests, Nigeria ; T. Geddie, 
which, at @ sgticultural superintendent, Nigeria; T. O. Ellis 





agricultural chemist, Jamaica), senior agricultural 
shemist, Jamaica; J. C. Eyre (senior agricultural 
officer, Palestine), deputy director of agriculture, 
Northern Rhodesia ; B. G. Owen (senior agricultural 
officer, Nigeria), assistant director of agriculture 
(produce inspection), Nigeria; R. M. Harley (assist- 
ant conservator of forests, Gold Coast), senior assist - 
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Jongress, (senior assistant conservator of forests, Northern 

1 & wide | Rhodesia), senior assistant conservator of forests, 
in the @ Uganda; A. C. Russell (assistant conservator of 
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oleae servator of forests, Gold Coast; N. F. Bowers 
work, (development officer, Nigeria), field officer, West 
hy and African trypanosomiasis research, Nigeria. The 
srations, following have been appointed assistant conservators 
varatory @ of forests in the countries mentioned : A. E. Beveridge 
housand @ (Federation of Malaya), W. Carmichael (Tanganyika), 
working §@ D. G. Cumming (Northern Rhodesia), J. Grant 
yuntries. Sarawak). 
and Co.. & British Social Hygiene Council : Summer Schools 
Tue British Social Hygiene Council is arranging 
two summer schools this year, one in England, the 
Affairs other in Switzerland. The first will be held at 
» on the ‘Elfinsward’, Haywards Heath, Sussex, during August 
twenty @ [-14, and the second at the University of Berne, 
is parts during August 17—September 1. 
descrip- The course at ‘Elfinsward’, which will be entitled 
ich was | Lhe Teaching of Biology”, is intended primarily, 
south- though not exclusively, for teachers in secondary 
as first | Modern schools and of junior forms in grammar 
nd was @ %hools. The director of the School will be Mr. W. L. 
almost @ Sumner, of the University of Nottingham. The fee, 
cheme. @ including registration, is £15 15s. In the Swiss 
health @ SYmmer School, which will have as its theme “The 
health @ Family and the Nation”, an attempt is being made 
ervices @ % cater for the needs of social workers who are 
ending interested in the family. It should appeal especially 
> ares. to children’s officers, probation officers, magistrates, 
way in ff Dealth visitors, almoners, nurses and teachers, though 
’ members of the general public will be equally wel- 
come. The cost, including travel, hotel accommo- 
dation and tuition, will be approximately £34. 
issued, @ Further information can be obtained from the 
f this § Secretary, British Social Hygiene Council, Tavistock 





House North, Tavistock Square, London, W.C.1. 
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Summer School in Micro-Chemical Techniques 


A COURSE in micro-chemical techniques will be 
held at the Queen’s University, Belfast, during June 
20-July 2, for the third successive year. Instruction 
will be given in centigram and milligram techniques 
which are of general use in various branches of 
inorganic and physical chemistry. Operations such 
as micro-electrolysis, chromatography and chemical 
microscopy, which are of increasing importance in 
diverse fields, are optional. In addition, exercises in 
microgram analysis will be available for specialists. 


Announcements 

Pror. Linus PAavuLine, professor of chemistry at 
the California Institute of Technology, Pasadena, and 
M. Henri Besaire have been elected correspondants 
for the Section of Mineralogy of the Paris Academy 
of Sciences, in succession to the late J. C. de Lapparent 
and M. Leriche. 

Str Noe. ASHBRIDGE, director of technical services 
of the B.B.C., and Mr. H. Bishop, chief engineer of 
the B.B.C., will deliver the Faraday Lecture of the 
Institution of Electrical Engineers on February 16, 
at 6.30 p.m. They will speak on “Television”, and 
will give demonstrations and experiments. The 
lecture will be delivered at the Central Hall, West- 
minster, London, and admission will be by ticket, 
obtainable on application to the Secretary, Institution 
of Electrical Engineers, Savoy Place, Victoria 
Embankment,.London, W.C.2. The Lecture is also 
to be delivered at various towns throughout the 
country. 

THE University of London has arranged a course 
of three lectures on “The Application of Atomic 
Piles in Nuclear Physics”, to be delivered by Sir 
John Cockcroft. The lectures will be given at the 
Senate House, on February 2, 9 and 16, 1949, at 
5.30 p.m. Admission is free and without ticket. 


Two full-day conferences on “Combined Heat and 
Power Supplies’”’ have been arranged by the Institute 
of Fuel and will be held at the Institution of Mech- 
anical Engineers on January 25 and April 27. The 
conferences will be open to the public, but admission 
is by ticket only, to be obtained from the Secretary, 
Institute of Fuel, 18 Devonshire Street, London, W.1. 


Marcon! INSTRUMENTS, LTD., are showing a wide 
range of industrial measuring instruments at their 
London showroom, 109 Eaton Square, S.W.1, during 
March 14-25, and all interested in electronics and 
process control are invited to apply for admission 
tickets either to Marconi Instruments, Ltd., St. 
Albans, Herts, or the London showroom. 


The Cecil Peace Prize of £100 is open to all 
members (less than twenty-five years old) of the 
universities of the United Kingdom. The subject 
for the year 1949 is : ““What international action should 
be taken with regard to the many millions of dis- 
placed or expelled persons and refugees in Western 
Europe, with a view to both the restoration of 
European economy and to the utilization of labour 
power now running to waste”. Essays must be sent 
before November 1 to the Secretary, Association of 
Universities of the British Commonwealth, 32 
Woburn Square, London, W.C.1. 


THE Operational Research Club (see Nature, Oct- 
ober 23, p. 646) announces a change of address. The 
address of the honorary secretary, Mr. D. Neville- 
Jones, is now 14 Sheen Gate Gardens, East Sheen, 
London, 8.W.14. 
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LETTERS TO THE EDITORS 


The Editors do not hold themselves responsible 


for opinions expressed by their correspondents. 
No notice is taken of anonymous communications 


Synthesis of a Sulphur-containing Degrada- 
tion Product from Gliotoxin 


GLIOTOXEN, a potent fungicide isolated from culture 
filtrates of Gliocladium fimbriatum, Trichoderma 
viride and other organisms', has been extensively 
examined by J. R. Johnson and his colleagues*, who 
ascribe to it the provisional structure (I). The 
presence of the pyrazinoindole nucleus and of the 
disulphide grouping appear to be established with 
reasonable certainty. The points of attachment of the 
disulphide grouping to the pyrazinoindole nucleus, 
on the other hand, merit further confirmation. 
freatment of gliotoxin with methanolic potassium 
hydroxide followed by acidification of the reaction 
mixture gives a sulphur-containing product, m.p. 
188°, which appears to have the molecular formula 
C,,H,ON,S and for which the thiohydantoin structure 
(II) has been suggested’. 

Interaction of methyl indole-2-carboxylate and 
methyl isothiocyanate gives a product, C,,H,ON,S, 
m.p. 189°, which is identical with the compound 
obtained from gliotoxin. In view of the reactivity 
of the 3-position in the indole ring system, it is 
possible to formulate the reaction product, 
C,,H,ON,S, from methyl indole-2-carboxylate and 
methyl isothiocyanate as either (II) or (III). The 
latter structure has been excluded since we find that 
methyl 3-methylindole-2-carboxylate reacts with 
methyl isothiocyanate to yield the thiohydantoin 
(IV), the ultra-violet absorption spectrum of which 
is virtually identical with that of the synthetic com- 
pound, m.p. 189°. Furthermore, methyl 1-methy]l- 
indole-2-carboxylate failed to react with methyl 
isothiocyanate. We conclude that the degradation 
product from gliotoxin is 2-thio-l1-methylindolo- 
1’: 2-3: 4-hydantoin (IT). 
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The identification of this degradation product 
affords support for the view that one point of attach. 
ment of the disulphide grouping in gliotoxin is vig 
a carbon atom directly linked to the indole nitrogen, 
The mechanism of formation of the thiohydantoin 
from gliotoxin, involving a contraction of a six- to a 
five-membered ring, may be represented by the accom. 
panying scheme ; this has the merit that it requires 
the observed alkali consumption, and is in accord 
with the fact that the thiohydantoin is not a primary 
product of the degradation of gliotoxin with alkali 
but that it is produced following the acidification of 
the reaction mixture. 
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J. A. Ervipeg 
F. S. Sprine 
Royal Technical College, 
Glasgow. July 27. 
Ph , 98, 1068 (1936). Weindling 
31, 991 (1941). Brian, Nature, 154. 667 
(1944). Brian and Hemming. Ann. App. Biol., 38, 214 (1945), 
Wakaman and Gei J. Bact., 42, 391 (1944). “Menzel, W inter. 
steiner and Hooger' olde. J. Biol. Chem., 158, 419 (1944). Glister 
and Williams, Nature, 153, 651 (1944). Brian, Trans. Brit Myeol. 
Soce., 3B. 211 (1946). Pang i Auat. J. Sci., 6, 151 (1044) Stanley 
and Mills, Aust. J. Exp. Biol. and Med. Sci., 24, 133 (1946) 
*J. Amer. Chem. Soc., @, 2005 (1943); 66, 614, 617, 619 
67, 423, 1736 (1945) : 68. 23% (1947). 
Dutcher, Johnson and Bruce, J. Amer. Chem. Soc., 67, 17 
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A Synthesis of Citrinin 

FoLLowine upon the development new 
structural formula for citrinin described in a com- 
munication! submitted to Nature on March 17, 1948, 
we bave now been able to effect a synthesis of citrinin, 
thereby confirming our earlier deductions. 

By means of a carboxylation process with potassium 
hydrogen carbonate and glycerol at 150°, phenol ‘A’ 
(i, R = H) was converted into the carboxylic acid 
(i, R = CO,H), m.p. 185° (decomp.). From its method 
of formation* and its ferric reaction, it is clear that 
the latter compound is a y-resorcylic acid and not the 
isomeric 8-resorcylic acid, a conclusion confirmed by 
the ultimate success of our synthesis. The application 
of the Gattermann reaction to the acid (i, R = CO,H) 

or its methyl ester (i, R=CO,Me) 


gave rise to formyl derivatives 
N do 


ot a 


(ii, R = H) and (ii, R = Me) which, 
on treatment with conce Pr 
sulphuric acid at room temperature 
for a short time, were converted, 
without racemization, respect- 
ively into citrinin (iii, R =H), 
m.p. 175° (decomp.), [a]; — 
37-4° (c. 1-15 gm. in ethanol) and 
its methyl ester (iii, R = Me), m.p. 
139° (decomp.). The synthetical 
compounds were identical in every 
way with the natural substances 
and, further, the synthetical ester 
exhibited all the characteristic pro- 
perties of the natural derivative. 
Similarly, starting with phenol ‘B’, 

the optically inactive isomeride of 
‘A’, we have also synthesized an 
opt ically inactive citrinin, m.p. 175° 

(decomp.). 

In connexion with the syn- 
thetical formation of citrinin from 
phenol ‘A’ it may be noted that 
a synthesis of the dimethyl ether 
of ‘A’ has already been achieved by 
way of the optically inactive di- 


a hy. Me 
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OH 
R 
HO CH(Me) . CH(OH) . Me 
Me 


OH CH 
RO,C o 


OH 
RO,C( \CHO 

Qe . CH(OH) . Me CH . Me 
Me Me CH. Me 


ii iii 


methyl ether of phenol ‘B’, and also that the dimethyl 
ether of phenol ‘A’ has now been demethylated (with 
accompanying racemization) to give phenol ‘B’. 
Consequently, the only remaining step required for 
the complete synthesis of optically active citrinin 
from o-toluic ecid is the resolution of phenol ‘B’, a 
project which is at present in progress in these 
laboratories. 

It is now clear that the results of the analytical 
and synthetical work carried out in these laboratories 
completely invalidate the structure proposed more 
recently for citrinin by Gore et al.*, and, further, also 
establish the misleading nature of the evidence as 
to constitution which these authors‘ claim from a 
study of the behaviour of citrinin towards diazonium 
salts. 

N. J. CARTWRIGHT 

A. ROBERTSON 

W. B. WHALLEY 
Department of Organic Uhemistry, 

University, Liverpool. Oct. 21. 

‘ Brown ef al., Nature, 162, 72 (1948) (submitted March 17, 
"Robertson and Robinson, J. Chem. Soc., 2196 (1927). 
*Gore et al., J. Amer. Chem. Soc., 70, 2287 (1948). 

*Gore et al., Nature, 157, 333 (1946). 
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Synthesis of Erucic and Brassidic Acids 
THE recent publication’ of a new method for 
the synthesis of the naturally occurring unsaturated 
fatty acids, by way of the analogous acetylenic com- 
pounds, prompts an early report of similar work 
carried out in these laboratories employing the 
following route : 
OMe COOCH,C,H, 
0,H,,CH . COC] + Ne.0” 
IN 
| COOCH,C,H, 


(CH,) .COOCH,C,H, 


10 
(1 


C,H,, C,H, 
2 * be |B 
s0~—dn 
omy 


COOH 
(IV a, b) 


Be—bH 
(ot, 
boo 


OMe 
+ 0,8, .OH .00.0 
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In this manner the total synthesis of erucic and 
brassidic acids has been achieved. 

Sodio tribenzyl undecane-1 : 1 : 11-tricarboxylate (I), 
prepared from the corresponding sodio triethyl ester 
in benzene solution by treatment with benzyl alcohol 
(3 mol.) and removal of ethanol azeotropically, yielded 
on condensation with a-methoxycapryl chloride a 
product (I1) which on hydrogenolysis and decarboxyla- 
tion* gave rise to 13-methoxyheneicosan-12-one-1- 
carboxylic acid (ITI). 

Pondorf reduction of the latter furnished a solid 
methoxy-hydroxy-acid (IVa) together with a liquid 
product (IVb) thought to be a mixture of the 
isomers. Treatment of these materials with hydro- 
gen bromide followed by zinc dust yielded brassidic 
(Va) and a mixture of brassidic and erucic acids 
(Vb) respectively. Both acids were obtained pure 
by crystallization, and were found to be identical 
with those obtained from natural sources (m.p. and 
mixed m.p., p-bromophenacyl esters, equivalent 
weights and hydroxylation to the requisite dihy- 
droxybehenic acids). 

The application of this synthesis to that of other 
mono-ethenoid acids and more complex members of 
this group is under investigation and will be reported 
at a later date. 

R. E. Bowman 

Department of Chemistry, 

Birkbeck College, 
London, E.C.4. 
Oct. 28. 
* Ahmad and Strong, J. Amer. Chem. Soc., 70, 1699 (1948) 
* Bowman, Nature, 162, 111 (1948). 


n-Amylpenicillin 

n-AMYLPENICILLIN was first prepared in an impure 
state by Catch, Cook and Heilbron' by the catalytic 
hydrogenation of A*-pentenylpenicillin, the product 
being characterized by conversion to the penillic 
acid and by the identification of n-caproic acid among 
the products of hydrolysis of the latter substance. The 
presence of n-amylpenicillin in the mixture of peni- 
cillins formed by the submerged fermentation of P. 
chrysogenum Q 176 has also been reported; but the 
isolation of the pure penicillin has not yet been 
recorded. This penicillin has now been isolated in 
the pure state and characterized. 

The separation from the 
other penicillins was 
achieved by partition 
chromatography of the 
salts of the penicillins with 

| COOCH,C,H, w - ethylhexamethyleneim- 
(CH,).COOCH,C,H, im using water adsorbed 

10 on silica gel as the station- 
(0) ary phase and wet ethyl 
acetate as the moving 
phase. 
Microchromatographic 
assay by the method of 
C.Hi, Goodall and Levi* con- 
firmed that the penicillin 
Me0—C was free from contamina- 
ail tion by other penicillins. 
a By biological assay, using 
(CH; sodium benzylpenicillin as 
oe the standard, the potency 
COOH of the sodium salt was 
(am) 1,680 u./mgm. when tested 


COOCH,C,H, 


_ (a) By 
(6) —2c0, 
{ 
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against S. aureus (N.C.T.C. 6571) by the turbidimetric 
method, 1,670 u./mgm. when tested against S. aureus 
(N.R.R.L. 313) by the cylinder plate method, and 660 
u./mgm. when tested against a strain of B. subtilis 
by the cylinder plate method. Thus n-amylpenicillin 
has a B. subtilis: S. aureus assay ratio of 0-39. 

Sodium n-amylpenicillin crystallizes in the form of 
flat, blunt-ended needles, with one molecule of water 
of crystallization from moist acetone or moist ethyl 
acetate. The anhydrous salt rapidly takes up one 
molecule of water on exposure to atmospheric 
moisture, and, on account of this, accurate analysis 
of the sodium salt was difficult. A sample of sodium 
n-amylpenicillin which had been dried tn vacuo over 
phosphorus pentoxide at 100°C. gave: C, 49-5; H, 
6-3; N, 8-7 per cent (calculated for C,4H,,O,N,SNa : 
C, 50-0; H, 6-25; N, 8-34 per cent). The anhydrous 
salt had a melting point of 188° C. (decomposition) 
and [a]p® 319° (c = 1 per cent in water). 

Conversion of n-amylpenicillin to the isomeric 
penillic acid gave a product which crystallized from 
warm methanol as stout rods of melting point 
182° C. and [a]p* 534° (at a concentration of 0-5 per 
cent in decinormal sodium carbonate). Recrystalliza- 
tion from aqueous methanol gave crystals of a 
hydrate. The anhydrous acid was not hygroscopic. 
Found: C, 53-2; H, 7-14; N, 8-90 per cent ; calc. 
for C,,H.,0,N,8: C, 53-5; H, 7-00; N, 8-92 per 
cent. X-ray powder photographs of the penillic 
acid gave results practically identical with those 
obtained by Mrs. D. Hodgkin from the sample pre- 
pared by Catch, Cook and Heilbron. 

The constitution of the penicillin was established by 
acid hydrolysis and identification of the n-caproic 
acid produced as its p-toluidide and p-bromphenacyl 
ester. . 

T. Leer 
Imperial Chemical Industries, Ltd., 
Research Laboratories, 
Hexagon House, 
Manchester 9. 
Aug. 10. 


* Catch, J. R.. Cook, A. H., and Heilbron, I. M., Brit. Pat. 584,852. 
* Goodall, R. R., and Levi, A. A., Analyst, 72. 277 (1947). 


Variations in Force Constants 


Is general, small variations in a given force 
constant in different molecules cannot be accepted 
as having any absolute significance. This is obvious 
when we consider how the value of any particular 
force constant in a polyatomic molecule is obtained? ; 
usually, as many constants as possible are carried 
over from related molecules, and the whole set 
adjusted to fit the observed vibration frequencies. 
The final values will depend on the force field used ; 
the usual convention is to introduce an interaction 
term into the potential energy expression whenever 
any large adjustment becomes necessary which can- 
not be correlated with the structural features, for 
example, the presence of bonds of intermediate type, 
due to resonance. 

Related to the general problem is the question of 
group frequencies; here we have vibrations largely 
localized within a particular chemical grouping (or, 
in some instances, a linkage), which remain com- 
paratively unaffected by changes in the molecular 
residue. Small variations in a group frequency may 
be due to changes in the overlapping coupling co- 
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ordinates, and therefore, in general, cannot be em. 
ployed to measure variations in the main constant 
for the group vibration. 

It is of considerable interest that by applying a 
general normal co-ordinate treatment to the non- 
planar group of vibrations of related series of sub- 
stituted ethylenes, it has been found possible to 
obtain consistent sets of small variations in the force 
constants for the non-planar bending motions, and to 
correlate these variations with the observed shifts in 
the group frequencies and with the electro-negat ivities 
and electron-donating powers of the substituents*, 
From calculations on twelve compounds, a linear 
relation between the CH, bending constant (fer,) and 
the corresponding group frequency (&¢q,) is obtained, 
and used to fit a further nine compounds into the 
series. Substitution by CH,., CH;.CO.O., and the 
halogens leads to a decrease in fo, compared with 
its ‘neutral’ value in ethylene; the increment in 
CH, : CX, is greater than in CH,: CHX for all the 
examples studied, and increases with the eloctro- 
negativity of the substituent X, being particularly 
large for fluorine. Substitution by .CN and .CO.OMe 
leads to positive increments. 

These facts suggest that the main effect operative 
is analogous to the electromeric (resonance) effect 
directing aromatic substitution ; the powers of con- 
jugation of vinyl and phenyl! are known to be approx- 
imately equal. CH,., CH;.CO.O. and the halogens 
lead to o- and p-substitution, and .CN and .CO.OMe 
to m-substitution. Thus, withdrawal of electrons 
from the terminal carbon atom of the vinyl group 
results in an increase in the forces opposing non-planar 
bending of the =CH, group. The relatively high 
value of fog, in formaldehyde can then be explained 
by the fact that this molecule is a resonance hybrid 


— _— 
in which the ionic structure CH,—O is of consider- 
able importance. The low value of fc, in allene 
suggests that this is also a resonance hybrid, with 


= - 
contributions from ionic structures CH,—C=CH,, 


— — 

CH,=C—CH,. In the allyl halides the resonance 
effect is inhibited by the —CH,— group, and the 
order of the frequencies 3c¢q, is the reverse of that 
in the vinyl halides. The chloride lies roughly mid- 
way between propylene and ethylene, agreeing with 
the fact that in pCHCI, there is no appreciable differ- 
ence in the reactivity at the o-, p- and m-carbon 
atoms. 

The resonance effect cannot operate directly on 
the odd C—H bond in CH,:CHX; the bending 
constant fog decreases as the electro-negativity of 
the substituent X increases, .CN now lying between 
CH,. and Cl., and the effect again being particularly 
large for fluorine. The values of fon in acetylene 
and benzene (non-planar) suggest that there may 
be an inverse relation between the constants for C—C 
stretching and for bending of the adjacent C—H 
bonds. 

A full account of this work, including a detailed 
treatment of problems arising from the solution of 
the secular equations, is to be published elsewhere’. 


P. ToRKINGTON 
39a Palliser Road, 
London, W.14. 
July 19. 
' Herzberg, G., “Infra-Red and Raman Spectra of Polyatomic Mole- 


cules” (D. van Nostrand Co., Inc., New York; London: Mac- 
millan and Co , Ltd., 1945), where further references are given. 


* Torkington, P., Proc. Roy. Soc. (in the press). 
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Metabolism of Nicotinic Acid by Infants 


Tue recent work of Knox and Grossman! has shown 
the existence of a new metabolite of nicotinic acid. 
They produced evidence that N-methylnicotinamide 
was oxidized by enzymes in the liver of the rabbit to 
N-methyl-2-pyridone-5-carboxylamide, and isolated 
that compound from the urine of human subjects 
who had been given daily doses of 0-6-0-9 gm. 
nicotinamide. 

A method® for the estimation of N-methyl-2-pyri- 
done-5-carboxylamide in human urine has recently 
been worked out and has been applied to urines from 
adults and new-born children. 24-hour specimens 
were obtained from the adults, and the total amounts 
of urine passed by the children in the first 72 hours 
if life were collected. The results of the analysis of 
these urines are shown in the accompanying table. 


Urinary excretion of N-methylnicotinamide and of N-methyl-2- 
pyridone-5-carboxylamide by newborn infants and by adults 


Total urinary output (mgm.) 


Subject N-methyl- N-methyl-2- » 

Urine specimen No. nicotin- yridone-5- NM 
amide (NM) carboxylamide (P) 

l 5-3 1-7 0-3 

infants (total ex- 2 4°7 1-6 0-3 

cretion in first 3 3 4°3 10 0-2 

days after birth) 4 7:1 2-1 0:3 

Mean 5:4 1°6 0:3 

1 8-0 12-5 1-4 

Adults (24-hr. 2 73 11-9 1-6 

imens) 3 74 10°8 1°5 

. + 5 14°9 2-7 

Mean 7°3 12°5 1°8 


It is clear that the ratio of the pyridone to N- 
methylnicotinamide was much lower in the urine of 
the infants than in the urine of the adults. This 
suggests that the rate of enzyme activity in the infant 
was much lower than in the adult, and offers an ex- 
planation of the very high urinary excretion of N- 
methylnicotinamide in the first days of life reported 
by Hamil, Coryell, Roderuck, Kaucher, Moyer, Harris 
and Williams*. The results of these workers have in 
this respect been confirmed in the course of the 
present investigation. 

R. F; A. DEAN 
W. I. M. Houtman 
Department of Experimental Medicine, 
Cambridge and Wuppertal, 
_ B.A.O.R. 
‘Knox. W. B., and Grossman, W. [., J. Biol. Chem., 1686, 391 (1946) ; 
168, 363 (1947). 
*Holman, W. I. M. (to be published). 
*Hamil, B. M., Coryell, M., Roderuck, C., Kaucher, M., Moyer, E. Z., 
oS E., and Williams, H. H., Amer. J. Dis. Children, 74, 


Bile Pigments from Normal Erythrocytes 


Gardikas, Kench and Wilkinson' have found that 
treatment of human erythrocytes with acetic acid 
in an oxygen-free atmosphere, in the absence of 
ascorbic acid, did not yield any biliverdin when the 
ether solution was extracted with 5 per cent hydro- 
chloric acid. They claim that the bile pigments 
isolated by Lemberg and co-workers*»* from human 
and sheep erythrocytes, and from horse oxyhsmo- 
globin, may have arisen as an artefact from chole- 
globin, the latter being formed from oxyhsemoglobin 
by the action of ascorbic acid; ascorbic acid had 
been added in these experiments to prevent the oxida- 
tion of biliverdin to bilipurpurin. They have over- 
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looked, however, that bile pigments had been obtained 
in an even somewhat higher yield without the 
addition of ascorbic acid, and also from horse 
carboxyhemoglobin*. The yield is also unaltered if 
ascorbic acid is added together with the acetic acid, 
instead of being added immediately before acidifica- 
tion. 

I have now repeated the experiments with sheep 
and human erythrocytes in the absence of ascorbic 
acid and of oxygen, removing oxygen either by 
evacuation or by carbon monoxide. In both instances 
the total bile pigment yield was 7-9 ygm. per ml. of 
human or sheep erythrocytes. Little biliverdin is 
found under these conditions, the main product being 
a weak-basic bilipurpurin, which is extracted from 
ether by 20 per cent hydrochloric acid. 

In order to allow other workers to repeat these 
experiments, the method of isolation is given in 
detail. 

After removal of oxygen by exhaustion or by re- 
peated saturation with carbon monoxide, 10 ml. of 
erythrocytes are treated with 50 ml. of 80 per cent 
acetic acid; after standing for 15 min. at room 
temperature, the solution is diluted with 120 ml. of 
peroxide-free ether. Up to this point, the whole 
procedure is carried out in an oxygen-free atmosphere. 
The precipitated protein is now filtered off, and the 
ether solution is washed five times with an equal 
volume of water with cautious shaking. The first 
three washings are re-extracted with smal] amounts 
of ether, which are added to the main bulk of the 
ether solution. The hematin, which at this stage 
begins to precipitate, is removed by filtration through 
thin filter paper (Munktell, No. 1/), and the filtrate 
is washed once more with water. 

This solution is fractionated as follows. Three 
extractions with 10 per cent hydrochloric acid (3 ml. 
each) yield a somewhat cloudy extract, which is 
cleared by washing three to four times with small 
volumes of ether with the addition of some glacial 
acetic acid. This 10 per cent hydrochloric acid 
extract is faintly green and contains a little biliverdin. 
The ether solution remaining after these extractions 
is now extracted three times with 20 per cent hydro- 
chloric acid (5 ml. each). This extract is cleared and 
freed from emulsified hemin by washing with ether 
and acetic acid. It is blue to blue-violet and con- 
tains mostly bilipurpurin. Finally, the remaining 
ether solution is extracted once again in the same 
manner with the same volume of 20 per cent hydro- 
chloric acid. The cleared extract is faintly yellow 
and serves as a blank for the bilipurpurin estimation. 
The solutions are analysed in the spectrophotometer 
in 6-cm. tubes as described by Lemberg and co- 
workers (see ref. 2, p. 370, method III). The fact 
that the second extraction with 20 per cent hydro- 
chloric acid does not yield any bile pigment shows 
that this is not derived from the hemin. 

These experiments prove that the bile pigments 
thus isolated are derived from a precursor present in 
the erythrocytes, not from hemoglobin. 

R. LEMBERG 
Institute of Medical Research, 
Royal North Shore Hospital, 


Sydney. 
Aug. 9. 
oa C., Kench, J. E., and Wilkinson, J. F., Nature, 161, 607 
(1948). 
* Lemberg, R., Legge, J. W., and Lockwood, W. H., Biochem. J., 35, 
863 (1941). 


* Lemberg, R., and Legge, J. W.. Austr. J. Exp. Biol. and Med, Sei.. 
20, 65 (1942). 
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Reduction of Tetrazolium Salts by some 
Biological Agents 


TETRAZOLIUM salts, first prepared by Pechmann 
and Runge’, have attracted the interest of workers 
in biological fields since the demonstration by Kuhn 
and Jerchel* that living organisms such as yeast, 
garden cress and bacteria have the power of reducing 
the colourless, soluble tetrazolium salts to red, in- 
soluble formazan compounds, reduction taking place 
in neutral solution and the cells taking up the colour. 
Mattson eé al.* confirmed these results and showed 
that a similar reaction was given by many other 
viable tissues of both plant and animal origin ; they 
suggested that reduction is due to dehydrogenase 
systems requiring co-enzymes I or II. Straus e¢ al.‘ 
applied the test to normal and neoplastic human 
tissues. They argued that, as malignant tumours 
show an increased glycolytic activity, their reducing 
power for tetrazolium salts might also be augmented. 
These authors claim that this hypothesis is confirmed 
by their initial results. 

It would obviously be of importance to possess a 
simple method of establishing the viability of tissues. 
The following experiments were made in order to 
decide whether the reduction of tetrazolium salts is 
restricted to living tissues. Triphenyl tetrazolium 
chloride was prepared in this department by Dr. 
D. H. Marrian by the method of Mattson (personal 
communication). Preliminary experiments confirmed 
that a 1 per cent solution was readily reduced by 
many plant tissues, and by human leucocytes and 
mouse liver, brain, kidney, striped muscle, cartilage 
and mammary carcinoma. 

Fresh brewers’ yeast rapidly reduced the salt, the 
reaction being completely inhibited by heating to 60° 
for three periods of ten minutes. The yeast was not 
inactivated by suspension in acetone or absolute 
alcohol for two periods of one half-hour and sub- 
sequent drying, or by air-drying. Aijr-dried yeast 
remained active after seven months, as did acetone- 
dried mushrooms after four months. A seven-year- 
old sample of air-dried yeast had lost its reducing 
power. 

Yeast extract (Lebedew) was prepared by air- 
drying fresh yeast, incubating it at 37° in three 
volumes of distilled water for two hours, and filtering 
at 5°. The extract was cell-free, apart from a few 
bacilli; it rapidly reduced triphenyl tetrazolium 
chloride and preserved its activity when precipitated 
with absolute alcohol and ether and dried. It was 
inactivated by heating to 60° for two periods of ten 
minutes. Dialysing for 2-24 hours abolished its 
reducing power, but this could be restored by adding 
phosphate and glucose, or boiled undialysed extract, 
or concentrated dialysate ; it was lost after dialysing 
for 70 hours, without being restored by the addition 
of phosphate, glucose, co-enzyme I, adenosine tri- 
phosphate and magnesium ions. The reaction given 
by fresh yeast extract was not inhibited by M/90 
iodo-acetate, potassium cyanide or sodium fluoride, 
but slowed by M/60 iodo-acetate. Reduction pro- 
ceeded in the absence of fermentation and was not 
accelerated by its presence, as shown in the accom- 
panying table. (Experiments done at 37° in phos- 
phate buffer at pH 7-4.) 

Although reduction occurred without a concomit- 
ant fermentation of glucose, its onset was accelerated 
when glucose was added to dialysed extract, the 
effect being independent of glucose concentration 
within the range 3-150 mgm./per cent. In this 
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Reduction | | 
per cent) | Fe 


Nature of first 
visible 


] 

| | | Glucose concen- 
| 

| 

| 


Expt.) 
o. | sample - 
P (min.) After 
| Initial | 30 min. 


Yeast extract 24 202 | 199 | Absen 
Dried yeast 2 134 | 163 Absent 
Fresh yeast ‘ 243 | #134 Pres 








reaction, glucose could be replaced by galactose, 
mannose, raffinose or xylose, but not by dulcite, 
inosite, salicin or mannitol. 

The experiments show that tetrazolium salts cay 
be reduced by non-viable cells and by cell-free 
extracts, and that reduction in yeast is independent 
of fermentation. 

I am indebted to Dr. E. Friedmann for his acivice 
in the planning of these experiments. 

F. W. Gunz 
(Saltwell Research Student, 
Royal College of Physicians 
of London) 
Department of Radiotherapeutics, 
University of Cambridge. 
Sept. 9. 
. a H. v., and Runge, P., Ber. deutsch. chem. Ges., 27. 202% 
* Kuhn, R., and Jerchel, D., Ber. deutsch. chem. Ges., 74-B, 949 (1941 
. aati, A. M., Jensen, C. O., and Dutcher, R. A., Science, 108, 294 


* Straus, F. H., Cheronis, N. D., 
(1948). 


and Straus, E.. Science, 108, 113 


Plasma Cells in the Reaction against Rabbit 
Tissue Homografts 


THE well-known correlation between the breakdown 
of homografts and their invasion by lymphocytes!" 
has acquired new interest because of current views 
on the role of lymphocytes in the manufacture and 
transport of antibodies*. It has been shown that the 
breakdown of homografts results from a process of 
active immunization of the host‘; and since there 
has been a failure to demonstrate appreciable anti- 
body in the serum‘, it seemed probable that the 
lymphocytes were the instruments of destruction. 
More recently, plasma cells have been put forward as 
producers of antibody*.’, and this hypothesis sug- 
gested a search for these cells in homografts by 
employing the Unna-Pappenheim stain (methyl 
green pyronin). With routine staining methods only 
a few meture plasma cells were identified among the 
lymphocytes in the period before graft breakdown. 

Grafts of submaxillary gland were implanted intra- 
dermally (six per rabbit), and one excised together 
with its surrounding skin every fourth day thereafter 
and fixed in mercuric cbloride-formalin. 

In sections steined with methyl green pyronin, the 
invading cells were found to include, besides true 
lymphocytes, a large number of cells staining strongly 
with the pyronin. The latter were of several varieties : 
(1) Large cells of reticular aspect corresponding to 
Fagreeus’s “transitional cells” as found in the spleen. 
These have large, lightly stained nuclei with reddish 
nucleoli and moderately red cytoplasm. They are 
not numerous. (2) Cells resembling the foregoing 
type but smaller and occasionally with more chrom- 
atin in their nuclei. These correspond to Fagreus’s 
“immature plasma cells”; they are not numerous in 
most grafts. (3) Cells resembling lymphocytes but 
with cytoplasm staining red, often with the same 
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intensity 48 mature plasma cells. They include the 
gnall, medium and, less commonly, large lympho- 
cytes (the standard by which the various sizes of 
ymphocyte were judged was that of Maximow and 
Bloom’s “Textbook of Histology”, 4th ed.; the 
neater amount and density of the chromatin in the 
ymphocytes were taken to distinguish them from 
reticular cells). They are more numerous than the 
reticular type of cell. (4) Cells which are intermediate 
n appearance between the three foregoing classes 
ind mature plasma cells. These are the most numer- 
ys. (5) Forms with two and occasionally more 
welei; they are numerous in some specimens. 
) Mature plasma cells as typified by a low nucleus 
1o eycloplasm ratio, eccentricity of the nucleus, and 
ytoplasm which stains deeply red and usually has 
he characteristic ‘clear area’. 

On the fourth day after implantation, very few 
invading cells are present in the graft. However, 
large numbers are present on the eighth day when 
breakdown of the graft epithelium is about to start 
and the graft blood vessels are greatly dilated and 
engorged. Preliminary cell counts give one pyronin- 
stained cell for every two or three unstained lymph- 
wytes; the latter are nearly all small lymphocytes 
with cytoplasm either invisible or so faintly stained 
13 to be just seen. Among the pyronin-stained cells 
mature plasma cells are outnumbered by immature 
ones. Reticular-type cells are usually few, although 
in @ small minority of specimens they are abundant. 

On the twelfth day, when much of the graft 
epithelium has already been destroyed and vascular 
breakdown is widespread, there is no significant 
change in the proportion of pyronin-stained cells 
relative to unstained lymphocytes. However, among 
the pyronin-stained cells the proportion of mature 
plasma cells has increased so that they equal or out- 
number the immature forms. By the sixteenth day, 
when destruction of the greft epithelium is complete, 
mature plasma cells are in a clear majority. Even 
fewer cells of the reticular type were found in these 
later stages than on the eighth day. Grafts placed 
in an animal which had been sensitized by means of 
six grafts from the same donor twenty-four days 
previously were similarly invaded ; but the propor- 
tion of pyronin-stained cells was higher than in the 
corresponding grafts of the first set of six, and graft 
breakdown occurred earlier. j 

The graft blood vessels contained a few pyronin- 
stained cells : those resembling lymphocytes (category 
(3) above) and cells intermediate between them and 
mature plasma cells; occasionally a reticular-type 
cell was found. Unstained lymphocytes and mono- 
cytes Were more numerous. Mature plasma cells were 
not found inside the vessels, although their peri- 
vascular accumulation was @ striking feature of the 
grafts. 

Mitotic figures were not uncommon in the pyronin- 
stained cells, mainly in those which appeered to be of 
the medium lymphocyte type; they were also found 
in some which appeared to be the “transitional cells 
of the Fagreus classification. 

While recognizing the pitfalls in tracing cellular 
life-histories from transitional stages, nevertheless 
use of the serial biopsy technique makes it reasonable 
to infer that development of plasma cells, at least 
in its later stages, takes place in these homografts ; 
and while consistent with the view that plasma cells 
develop from reticular cells, these observations seem 
to lend equal support to the view that they develop 
from lymphocytes. There is no evidence, however, 
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that lymphocytes which arrive at the graft in a non- 
pyronin-stainable condition develop into plasma 
cells: it is conceivable that only those which arrive 
in @ stainable condition, indicative of a modification 
undergone elsewhere, can so develop. 
D. A. Darcy 

(Beit Memorial Research Fellow) 

Department of Zoology and 
Comparative Anatomy, 
University, Oxford. 
July 29. 


‘Murphy, J. B., Mon. 21, Rockefeller Institute (1926). 

* Loeb, L., “The Biological Basis of Individuality’ (C. C. Thomas, 
Baltimore, 1945). 

* White, A., and Dougherty, T. 
(1946). 

* Medawar, P. B., J. Anat., 78, 176 (1944). 

* Medawar, P. B., Quart. J. Mic. Sci., 89, 239 (1948). 

* Fagreus, A., J. Immunol., 58, 1 (1948). 

" Fagreus, A., Acta Med. Scand., Supp. 204 (1948). 
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Entameba muris: a Complicating Factor in 
the Experimental Infection of Rats 
with E. histolytica 


THE introduction of the young rat as an experi- 
mental host for Entamasba histolytica in the investiga- 
tion of amoebicidal substances'+* has made the study 
of natural ameebic infections of rodents of great 
importance. Adequate descriptions of these do not 
exist. Fulton and Joyner* have recently directed 
attention to this problem, but their descriptions are 
incomplete. 

I have made a study of the morphology and host- 
parasite relationships of Z. muris found in rats and 
mice which will be published elsewhere. The main 
details will be summarized bere, in order to clarify 
the position. 

The trophic amcebe of Z. muris measure 12-30» 
in diameter, and move by protrusion of pronounced 
ectoplasmic pseudopodia; food vacuoles contain 
bacteria, intestinal debris, or other protozoa. When 
stained, the nucleus is seen as a vesicular structure, 
with a peripheral layer of chromatin granules, equal 
in size and distributed evenly over the whole surface, 
the karyosome being typically eccentric in position. 

The amoeba encysts in the cecum and passes out 
of the host with the feces. Immature cysts usually 
contain a large glycogen vacuole. The mature cysts 
contain eight nuclei and usually measure 13-18 » in 
diameter. Chromatoid bodies are not commonly 
present in the ripe cysts, but when observed were 
usually bar-shaped with irregular ends. The structure 
of the cystic nuclei is similar to that of the nucleus 
of the trophic ameeba. 

E. muris is morphologically identical to EZ. coli of 
man. It is distinguished from £. histolytica by: (a) the 
eccentric position of the karyosome, (b) the cysts 
containing eight nuclei (see accompanying illustra- 
tion). 

The amcebe in infected mice were morphologically 
identical with those in rats, and their cysts were 
infective to rats. The organism is non-pathogenic, 
since no lesions were discovered in the alimentary 
canal of infected animals. An infection of hamsters 


by a similar species was also shown to be infective 
to rats‘. It is likely that infections in other laboratory 
rodents are closely related to E. muris. 

It was not possible to cultivate the amcebe in 
Dobell and Laidlaw’s* or other culture media. 
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Fixed in Schaudinn’s fluid, stained in iron 


EZ. muris from rat. 
(1) Trophic ame@ba. (2) Mature cyst 


hematoxylin, x 1,500. 


The effect of emetine hydrochloride and carbarsone 
was determined upon experimental infections of 
E. muris in rats. The rats, which were of an age 
similar to those used for routine 2. histolytica experi- 
ments, were infected with E£. muris by administering 
orally a suspension of mature cysts, each rat re- 
ceiving ten to twenty cysts. The drugs were given, 
mixed in a known percentage with the dry mash 
diet, at a dose-level known to be therapeutically 
effective against 2. histolytica. The rats were fed 
with the drug diet immediately after infection with 
E. muris, and were killed after six days continuous 
feeding with this diet. 


Effect of emetine bydvechiertte and carbarsone upon E£. muris in 
the rat 





Proportion of rats 
positive for B. muris 


Drug in the diet 
(per cent) 


a 


Drug 





' 
Emetine 
0-008 2/3 
0-004 5/6 
0-4 3/5 
| 


8/11 


hydrochloride 


Carbarsone 


Controls 











The accompanying table shows that although not 
all of the rats inoculated became infected, neither 
of these drugs had any significant action in vivo upon 
E. muris. The highest dose of emetine hydrochloride 
was toxic to the rats. Hegner and Fskridge* found 
that a single dose of 1 gm./kgm. of carbarsone freed 
rats from infection with trichomonads, but had no 
effect upon FE. muris. 

It is important in experiments in which rats are 
used for experimental infections with EZ. histolytica 
to make sure that the results are not rendered value- 
less by the presence of Z. muris. This may be ensured 
by the selection and care of the animals used. Rats 
should be aged eighteen to twenty-one days, since 
at this age they have not commenced to ingest solid 
food, and are most susceptible to infection with Z. 
histolytica. The animals should be bedded upon 
sterile wood wool, and suitable precautions taken to 
prevent contamination by other laboratory rodents. 
The cxca of rats of this age are small, of a pink 
colour, and contain mucus, but no food particles or 
protozoa. Microscopic examination showed the 
presence of desquamated tissue cells, which super- 
ficialiy resembled amcebe, but were generally smaller, 
were motionless, and could be distinguished from 
amcebss with certainty by examination of stained 
films. Rats bought in the open market are seldom 
suitable, as the conditions are difficult to control, 
and rats of this age are difficult to transport satis- 
factorily. 

Work upon experimental ameebiasis in rats has 
many pitfalls, and requires a supply of rats which 
are bred under controlled conditions, together with 
the collaboration of a protozoologist. 
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I should like to thank Miss 8. I. Pluthero for 
technical assistance. 
R. A. Near 
Wellcome Laboratories of Tropical Medicine, 
183-193 Euston Road, London, N.W.1. 
Aug. 20. 
' Joues, W. R., Ann. Trop. Med. Parasit., 40, 130 (1946). 
* Goodwin, L. G., Hoare, C. A., and Sharp, T. M., Brit. J. Pharm., 3. 
44 (1948). 
* Fulton, J. D., and Joyner, L. P., Nature, 161, 66 (1948). 
*Neal, R. A., Nature, 159, 502 (1947). 
* Dobell, C., and Laidlaw, P. P., Parasit., 18, 283 (1926). 
* Hegner, R., and Eskridge, L., J. Parasit., 22, 408 (1936) 


Relationship Between the Average Carcase 
Weight of Rams, Ewes and Lambs 


FROM a statistical analysis of the returns of the 
twenty-five Ministry of Food collecting centres 
in West Wales for the four years 1943-46, it has 
been found that the regression equation of the average 
lamb carcase weight (X1) on the average carcase 
weights of ewes (X2) and rams (X3) is: 

X1 = 3-42 + 0-511 X2 + 0-125 X3. 

These estimated weights of lambs (X1) fit closely 
to the observed weights (estimated dressed carcasge 
weight) according to the x? test. 

An equally close fit was obtained from the empirical 
equation : 
while a good fit was given by 

R+E£E = 3L, 
where R, E and L stand for the estimated dressed 
carcase weight of rams, ewes and lambs respectively. 

The above expressions have been obtained from 
the analyses of the returns for more than half a 
million lambs, approximately 70,000 ewes and nearly 
6,000 rams, and they show remarkable agreement for 
a wide range of estimated dressed carcase weights, 
as determined by the graders of the Ministry of Food. 
Warman! has shown that the estimated dressed car- 
case weights have been very close to the actual 
carcase weights after slaughter. 

In West Wales the ranges in estimated dressed car- 
case weights at different centres have been as follow: 
rams, 51-9-91-5 lb.; ewes, 38-1-69-5 lb.; and 
lambs, 28-3-—52-6 Ib. 

On the assumption that the average weight of the 
progeny at maturity is equal to that of the mean 
of the parents, then the above formule imply that 
producers sell their fat lambs when they attain 
63-6-66-6 per cent maturity. 

There is evidence of a definite stratification of the 
sheep industry io this region in both time and space, 
and it would appear that it can be correlated with 
variations in climatic conditions. The details of this 
study will shortly be ready for publication elsewhere. 

This investigation has formed part of a survey of 
animal health and production in West Wales, and 
thanks are due to the scientific branch of Messrs. 
Cooper, McDougall and Robertson, Berkhamsted, for 
financial support. Grateful acknowledgment is also 
made to Mr. Percy George, for the assistance he has 
given with the statistical analysis. 

RICHARD PHILLIPS 
Department of Animal Health, 
University College of Wales, 
Aberystwyth. Nov. 19. 
' Warman, W. H., Farmer and Stockbreeder, 61, 2345 (Oct. 28. 1947). 
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Sulphur-containing Amino-Acids in the Rumen 
Bacteria of Sheep 

As part of the investigations proceeding in this 
laboratory on the physiology and nutrition of sheep, 
the cyst(e)ine (cystine plus cysteine, calculated as 
cystine) and methionine contents of two large samples 
of mixed rumen bacteria were determined. The 
samples were obtained from slaughterhouse rumens 
selected to represent sheep from ‘dry’ and ‘green’ 
feed conditions respectively, the absence of green 
material in the rumen being taken to indicate ‘dry’- 
fed and its presence to indicate ‘green’-fed animals. 

The whole rumen contents were strained into cans 
through several thicknesses of gauze, transported to 
the laboratory and chilled in a refrigerated room. 
The materials were then strained through cloth and 
centrifuged first at low speed (21,000 r.p.m.) to re- 
move food particles, protozoa and yeast cells, then 
at a higher speed (34,500 r.p.m.) to throw down the 
bacteria. Microscopic examination showed the solid 
material to be practically free of food particles. The 
bacterial sludge was spread out in shallow dishes 
and dried in a hot-air oven at 50-60°C. The result- 
ing dry samples appeared as rather dark translucent 
flakes and were found to be virtually free from fibre. 

Representative 10-gm. samples were taken from 
these dried preparations and ground to pass through 
a 0-5-mm. sieve prior to analysis. ‘Whole’ protein 
preparations were prepared from the ground samples 
by the method of Lugg', as modified by Lugg and 
Weller?. Nitrogen determinations were made by the 
micro-Kjeldah] method, cyst(e)ine and methionine 
determinations by the differential oxidation method 
of Lugg* together with the modified procedure of 
Lugg and Weller? for total sulphur. The results are 
presented in the accompanying table. 


Per cent of total 
Per cent nitrogen 
of total 


nitrogen 


Protein preparations 


Cyst. N | Meth. N 
seorocinn 


Rumen bacteria from sheep 
on ‘dry’ feed 8-78 1°63 
Rumen bacteria from sheep 
on ‘green’ feed 9-62 1°50 1°54 


The cyst(e)ine and methionine nitrogen contents 
of the preparations are expressed as percentages of 
the total nitrogen present, each figure being the mean 
of closely agreeing duplicate determinations. It is 
apparent that the two samples differ in certain 
respects. The differences in the nitrogen and cystine 
contents of the ‘whole’ protein preparations are not 
great; but the methionine values are significantly 
higher for the sheep on ‘green’ feed than for sheep 
on ‘dry’ feed. This difference could be due either 
to an effect of diet on the nature of the bacterial 
proteins, independent of the bacterial types, 
or to differences in the types of organisms com- 
prising the two mixed samples, or to a combination 
of both. Further evidence on these possible alterna- 
tives is being sought. Many workers have shown, 
however, that changes in the nature of the diet result 
in qualitative as well as quantitative changes in the 
rumen floral population**, while others have shown 
that the amino-acid constitution of bacterial and 
yeast proteins is fairly constant over a wide range of 
growth conditions. 

Because of the inadequate methods available to 
early workers, reliable data for the sulphur-containing 
amino-acid contents of micro-organisms, with which 
our results may be compared, are meagre. Recently, 
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however, Camien et al.* have reported the methionine 
contents of the proteins of four species of Lacto- 
bacilli and the cystine content of L. fermenti, and 
Block and Bolling'® the cystine and methionine con- 
tents of eight strains of yeast. Our samples of rumen 
bacteria differ in several important respects from 
these. The rumen bacterial protein is, in each case, 
twice as rich in cystine as the yeast protein and 
twenty times as rich as the L. fermenti protein. It 
is also considerably richer in methionine than the 
protein of Lactobacilli, although not greatly different 
from yeast protein in this respect. 

A comparison with the figures obtained from 
leguminous seeds, for which similar methods of estima- 
tion to ours were used?’>!*, shows the rumen bacterial 
protein to be richer in cystine and very much richer 
in methionine than any of them, including the soya 
bean, which was the best of those examined. A 
similar comparison with the figures reported for such 
‘quality’ proteins as casein and muscle protein™ 
shows that our rumen bacteria contain protein 
similar in methionine content to these materials but 
very much richer in cystine. 

It is apparent from these comparisons that rumen 
bacterial protein is rich in both cystine and methion- 
ine. This finding is of considerable importance, in view 
of its obvious relationship to the theory that in 
ruminants dietary nitrogen is largely converted to 
bacterial protein prior to digestion and absorption", 
and to the finding that in these animals the value 
of non-proteim nitrogenous substances, such as urea, 
is greatly enhanced when supplemented with meth- 
ionine'*??, 

The nutritional significance of these findings will 
be discussed more fully in a later publication, in 
conjunction with other data. 

. JOHANSON 
. J. Morr 
. J. UNDERWOOD 
Institute of Agriculture, 
University of Western Australia, 
Nedlands. July 16. 
* Lugg, J. W. H., Biochem. J., 88, 110 (1939). 
* Lugg, JW. H., and Weller, R. A., Austral. J. Exp. Biol. and Med. 
Sei., 9, 149° (1944). 
* Lugg, J. W. H., Biochem. J., 38, 2114 (1938). 
* Quin, J. I., Onderstepoort J. Vet. Sci., 18, 91 (1943). 
* Elsden, 8. R., J. Exp. Biol., 28, 51 (1945-46). 
* Baker, F., and Harris, 8. T., Nut. Abs. and Rev., 17, (1), 9 (1947). 
’ Moir, R. J. (unpublished data, 1948). 
* Freeland, J. C., and Gale, E. F., Biochem. J., 41, 135 (1941). 
{* Camien, Salle and Dunn, Arch. Biochem., 8, 67 (1945). 
* Block, R. J., and Bolling, D., Arch. Biochem., 7, 313 (1945). 
" Johanson, R., and Lugg, J. W. H., Austral. J. Exp. Biol. ane Med. 
Sei., 24, 321 (1946). 

* Johanson, R., Austral. J. Exp. Biol. and Med. Sci. (in the press). 
* Block, R. J., and Bolling, D., ““The Amino Acid Composition of 
Proteins and Foods’’ (C. C. Thomas, Springfield, Ill., 1945). 
Johnson, B. C., ef al., J. Animal Sci., 1, 236 (1942); 8, 287 (1944) ; 

7, 26 (1948). 
“ Harris, L. E., and Mitchell, H. H., J. Nutrition, 28, 167 (1941). 
 Loosli, J. K., and Harris, L. E., J. Animal Sci., 4, 435 (1945). 
* Lofgreen, G. P.,.Loosli, J. K., and Maynard, L. A., J. Animal Sci., 
6, 343 (1947). 


Viscosity-Volume Relation for Liquids 


Dr. JOBLING, in his letter published in Nature of 
October 16, states that the dependence of the vis- 
cosity of a liquid on temperature is “certainly for 
ether above 0°C. and probably for many other 
liquids” due entirely to the change of volume. That 
this is not so in general has often been pointed out by 
one of the present writers'. For example, for mercury 
(a monatomic liquid and so more suitable than ether 
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to be cited in support of a theory of liquid viscosity} 
the temperature variation of Pag een at constant 
pressure in the range 30—75 is reduced only by 
some thirty per cent when a volume, instead of 
the pressure, is kept constant*; for isoamyl alcohol, 
working at constant volume reduces the temperature 
variation by some twenty-two per cent only: no- 
where in the whole range of recorded experiments on 
carbon dioxide is the viscosity a function of the 
specific volume alone. Dr. Jobling also states that 
on Born and Green’s theory the part of the viscosity 
that depends upon molecular attraction is a “volume 
effect”: this, however, is not proved, or even 
asserted, by the authority quoted by him, and is 
certainly not asserted or implied by Born and 
Green’. The only experimental results that Dr. 
Jobling brings forward to support his contention 
refer to ether above 0° C. However, even for ether 
in the temperature-range considered, from 0° to 32°, 
the evidence fails. 


100 1-02 
Relative volume 
The continuous curve shows the variation of viscosity of ether 
with volume at atmospheric pressure, the tempera’ correspond- 
ing to the — points Ne j indicated. The two isolated Seints 
refer to 75° the pressures indicated 





For ether in the region in question there exists, 
over and above the data for the variation of viscosity 
with temperature at atmospheric pressure, only one 
experimental point, that for 75° C., and a pressure 
of 500 atmospheres. The enlarged portion of Dr. 
Jobling’s diagram, for relative volume v = 0-98 to 
1-05, which we have prepared, shows this point and 
also that for 75° and 1,000 atmospheres. These two 
points indicate a viscosity which, at a given v, is 
well below that at atmospheric pressure and shows 
no signs of progressive approach. Further, from 
consideration of the 30° and 75° eye for 


ether due to Bridgman‘, the ratio ar ot) I), 


which indicates the relative importance of the variation 
of viscosity with temperature at constant volume and 
that at constant pressure, and which should be zero 
according to Dr. Jobling, has been plotted by us 
against p. This ratio diminishes in an approximately 
linear manner from 0-56 at 2,000 atmospheres to 
about 0-1 at atmospheric pressure : the plot indicates 
that it would not be zero until a pressure of about 
— 500 atmospheres was reached, and no one has so 
far been able to put a liquid in the state of tension 
indicated by this large negative pressure. 

The position is, then, that, from the behaviour 
of one particular liquid in a restricted temperature- 
range, Dr. Jobling has drawn a certain conclusion 
about the behaviour of liquids in general—but that 
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the behaviour of the liquid in the range in question 
does not, in fact, support his hypothesis. 
E. N. pa C. ANDRADE 
C. Dopp 
Depurtment of Physics, 
University College, London, W.C.1. 
Nov. 2. 
' For une. Andrade, E. N. da C., Phil. Mag., 127. 497 (1934)- 
Viscosity and Phasticity™: N: 28 ef 89q. (1947). ~ 
* Bridgman, P. W., Proce. Amer. Acad. Sci., 62, 187 (1927) 
* Born, M., and Green H. 38., Proc. Roy. Soe., A, 190, 455 (1947) - 
formula (5.11). ; 
* Bridgman, P. W., Proc. Amer. Acad. Sei., 61, 57 (1925). 
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Green’s Theory of Liquid Helium 

IN a recent communication’, H. 8. Green remarks 
that “the application of the Born-—Green theory of 
liquids*»* to helium II has been completed and it 
has been found possible, without further assumption, 
to explain all the well-known properties of this 
liquid’”’. A discussion of this theory must be post. 
poned until the detailed calculations of Green are 
published. Nevertheless, a few remarks may be made 
on the basis of the preliminary communications'’. 

The crucial point in any theory of liquid helium 
is the interpretation of the 4-point. In order to under- 
stand Green’s ideas on this phenomenon, one must 
recall that—as is generally agreed—there are two 
essentially different molecular mechanisms responsible 
for the viscosity of fluids. Only the first mechanism 
appears in ideal gases. It consists in the transport 
of momentum by the thermal agitation of the mole- 
cules resulting in a so-called kinetic viscosity. In 
liquids there is another mechanism completely over- 
shadowing the first. It is due to the fact that the 
molecules have to pass potential barriers in order to 
enable one liquid layer to glide over another. Thus 
the flow near a solid wall occurs by means of an 
activation process. The corresponding viscosity was 
called ‘potential viscosity’ by Born and Green’ and 
‘dynamic viscosity’ by Tisza‘*. Usually the two 
viscosities can be easily distinguished by their char- 
acteristic temperature dependence. The kinetic 
viscosity has a weak positive, the potential viscosity 
a strongly negative, temperature coefficient. 

According to Green, the transition of helium I to 
helium II is due to a rapid drop in the potential 
viscosity. Thus helium I is supposedly a normal 
liquid, whereas helium II is characterized by a very 
small viscosity. This interpretation cannot be 
reconciled with experimental facts. 

In the first place, the measurements of Keesom 
and MacWood* clearly show the absence of potential 
viscosity in both helium I and II (for a discussion of 
this question see ref. 5; Figs. 1 and 2, especially 
show the striking contrast between the viscosity of 
hydrogen, a classical liquid, and helium I, a quantum 
liquid). 

A second point is that the transition from helium I 
to helium II cannot be described by assuming any 
particular value—no matter how extreme—for the 
viscosity of helium II. The change is more radical, 
and the macroscopic hydrodynamic equations them- 
selves must be changed by going from the ordinary 
one-fluid hydrodynamics to a two-fluid hydro- 
dynamics*;*,’. 

The idea of the two-fluid hydrodynamics was 
originally suggested by F. London’s* well-known 
interpretation of the 4-point as a Bose—Einstein con- 
densation*. Recently, however, it has been developed 
on essentially phenomenological lines*. This phen- 
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omenological theory allowed the correlation of ex- 
periments which appeared paradoxical from the point 
of view of ordinary hydrodynamics (for example, the 
apparently contradictory measurements of viscosity 
fom capillary flow and the damping of an oscillating 
jjsk). Moreover, it led to numerous—sometimes 
rather striking—predictions which were all verified 
py experiment. It should here suffice to mention 
the long series of beautiful experiments by Kapitza’, 
the temperature dependence of the moment of in- 
atia’®, and the propagation of temperature waves 
the so-called second sound)". 

The present situation may be summed up by 
stating that the phenomenological theory provides a 
qualitatively, and partly even quantitatively, correct 
description of liquid helium. It is to be hoped that 
Green’s theory with its more fundamental approach 
can be adjusted so as to conform to the experimental 
facts and to the phenomenological theory systematiz- 
ing these experimental facts. 

Whether or not the Bose-Einstein condensation 
will be incorporated into the future quantum mech- 
anical theory is another question. Green states that 
“a serious objection to these theories [based on the 
Bose-Einstein condensation] is the occurrence of 
entirely analogous phenomena in superconductors, 
where the electrons obey Fermi statistics”. Although 
the analogy between helium IT and superconductors 
is very suggestive indeed, the ideniity of the mole- 
cular mechanisms can scarcely be considered as an 
established fact. 

The existence of the helium-3 isotope obeying 
Fermi statistics provides a more reliable experimental 
approach to the problem of statistics. It has been 
recently shown that helium-3 atoms do not take part 
in the superflow of ordinary helium'*. Although the 
definitive interpretation of this fact may have to 
wait until the low-temperature behaviour of pure 
helium 3 is known, it is perhaps premature to preclude 
the relevance of the Bose—Einstein condensation to 
superfluidity. 







































Laszio Tisza 
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Green, H. S., Nature, 161, 391 (1948). 
Born. M.. and Green, H. S., Proc. Roy 
190, 455 (1947). 
Born, M., and Green, H. 8., Proc. Roy. Soc., A, 191, 168 (1947) ; 
Nature, 159, 738 (1947). 
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Tisza, L., Phys. Rer., 72, 838 (1947). 
*Keesom, W. H., and MacWood, G. E., Physica, 5, 737 (1938). 
* Landau, L., J. Phys., U.S.S.R., 5, 71 (1941). 
* London, F., Phys. Rev., 54, 947 (1938). 
* Kapitza, P. L., J. Phys., U.S.S.R., 4, 181 (1941); 5, 59 (1941). 
“ Andronikashvilli, E., J. Phys., U.S.S.R., 10, 201 (1946). 
" Peshkov, V., J. Phys., U.S.S.R.,10, 389 (1944). Lane, C. T., ef al., 
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I am glad to endorse certain points which Prof. Tisza 
has made in his letter, especially that the behaviour 
of helium IL cannot be explained by assuming 
extreme values for macroscopic parameters, and the 
necessity for the modification of the classical formula- 
tion of the laws of hydrodynamics and thermo- 
dynamics. It is probable that his main criticism of the 
rigorous theory of helium II which I have sought 
to develop is founded on a mistaken identification of 
what Prof. Born and I have called ‘potential viscosity’ 
with the ‘dynamic viscosity’, a rather vague concept 
based on an essentially classical model which was 
admittedly the best available until very recently. 
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The ‘potential viscosity’ is for most practical pur- 
poses the difference between the viscosity of the 
liquid and that of the vapour at the same tempera- 
ture ; in helium I this has a value ~ 15 poise, almost 
constant along the saturated vapour curve, as one 
would expect with rapidly decreasing pressure. 

A detailed exposition of the application of the quan- 
tum theory of liquids to helium II has now appeared’, 
and so far as I am aware it is in agreement with all 
of the experimental evidence. Many of the results 
agree with those of the two-fluid theory, and can be 
accepted with greater confidence than before because 
of the certainty of the fundamental physical basis. 

H. 8. GREEN 
Department of Mathematical Physics, 
University, Edinburgb. 
' Proc. Roy. Soc., 194. 244 (1948). 


Oscillographic Observations on Ultra-High- 
Frequency Sparks 

EXPERIMENTS are in progress on the mechanism 
of the breakdown of gases at centimetre wave- 
lengths, some of which have already been reported!. 
In the previous communication reference was made 
to the mid-gap streamers which, at atmospheric 
pressure, seem to constitute the birth-stage of a 
spark in a resonator energized at 2,800 megacycles 
per second. These streamers are regularly produced 
when a narrow beam of short-wave ultra-violet light, 
from a spark gap, is passed through the gas between 
the electrodes immediately before the 1-4-micro- 
second pulse reaches the resonator (Fig. 1). Photo- 
electrons in the gas itself execute oscillations of small 
amplitude in the electric field, and cause breakdown if 
the field is strong enough. 

In extension of these experiments, apparatus has 
been set up to examine the variation of the oscillating 
field in the resonator during the period of a pulse 
producing breakdown. The output from a coupling 
loop, LZ (Fig. 1), is rectified and amplified and is then 
applied to the plates of a high-speed single-stroke 
oscillograph. Typical tracings for breakdowns in 
hydrogen, nitrogen and oxygen at atmospheric 
pressure are shown in Fig. 2. 

The most remarkable feature of these oscillograms 
is the abruptness of the first stage of the breakdown, 
which in some gases takes only about one-thirtieth of 
a microsecond. In fact, the time of collapse of the 
field is comparable with those realized in gaps of 
the same order (1-4 cm.) when a unidirectional volt- 
age causes the breakdown*. Furthermore, successive 
oscillograms taken in the same circumstances show a 
striking consistency, and suggest, in hydrogen at 
least, that the delay between attainment of the break- 
down voltage and actual breakdown is very small: it 
appears that the rate of rise of voltage does not affect 





Fig.1. Sketch of resonator showing electrodes (Z), spark gap (S) 
and pinhole (P), pick-up loop (Z) and a mid-gap streamer (S’). 
Arrangements for energizing resonator are not shown. The 
spark gap fires about 0-3 ~sec. before the resonator is energized 
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Fig. 2. Oscillograms showing collapse cf field in resonator during 

breakdown: a, b, c, breakdown in hydrogen, pulse amplitude 

increasing from a to ¢, mid-gap irradiation; d, nitrogen, mid-gap 

irradiation; ¢, nitrogen, electrode irradiated through ous: 

J, oxygen, mid-gap irradiation. Dotted lines show the unbroken 

pulse, obtained by cutting off irradiation (total duration, 1 -4 wsec.). 
All observation: at atmospheric pressure 


the breakdown stress within the limits examined. 
Notwithstanding the presence of electrons in the 
gap, this absence of overshooting is surprising, since 
the measurements on ultra-high-frequency sparking 
potential show that the peak voltage at breakdown 
is less than the static breakdown voltage, usually by 
about 30 per cent. In such circumstances the co- 
efficient of differential ionization, Townsend’s «, 
should be small compared with the value in pD.c. 
fields at breakdown ; the amplitude of oscillation of 
the electrons should be 10° to 10° cm., and so a 
relatively slow development of a conducting filament 
might be expected, in sharp contrast with the observa - 
tions. 

When the initiating electrons are released at the 
electrode surface, using a spark outside the resonator 
and a quartz lens, the rate of collapse is slower 
(Fig. 2,e) and the discharge takes the form of a bright 
spot on the electrode surface, with a luminous tail. 
No difference has been observed in the breakdown 
stress as compared with that required to start the 
discharge in mid-gap. 

The rate of collapse of the field in the first stage 
(Fig. 2,a) indicates that energy is being dissipated 
more rapidly than it is being supplied to the resonator, 
so that this first stage is associated with the discharge 
of the energy stored by resonance. The subsequent 
step in the oscillogram—an actual recovery in some 
cases—resembles the step observed in D.C. sparks by 
Rogowski and others?.‘. 

We again wish to thank the Council of the Durham 
Colleges for granting one of us (W. A. P.) a sabbatical 


year, the British Electrical and Allied Industries Re. 
search Association for a grant towards the cos: of the 
research, and the Director of the Armaments Research 
Establishment for the loan of the oscillogra))), 
W. A. Prowsg 
W. Jasitsxi 
Electrical Engineering Department, 
Imperial College of Science and Technology, 
London, 8.W.7. Sept. 6. 
* Prowse and Cooper, Nature, 161, 310 (1948). 
: Reqowski and Klemperer, Arch. Elek., 24, 127 (1930). Buss, Area. 
lek., 286, 266 (1932). 
* Cooper, J. Inst. Elect. Eng., 94, Pt. 3, 315 (1947). 
* Rosenlocher, Arch. Hlek., 26, 115 (1932). 


Alien Plant Introductions on the 
Isle of Rhum 


A NUMBER of very rare and interesting plants 
have been reported in recent years from the Isle 
of Rhum in the Inner Hebrides. Though Lady 
Bullough, the owner of the island, generously gave 
me permission to camp there for longer, I was un. 
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fortunately unable to spend more than three days on @ § 


Rhum, and my knowledge of its flora is therefore 
very fragmentary. But thanks to the kindness of 
Prof. J. W. Heslop Harrison, who was staying on 
the island at the same time, I was enabled to see 
some at least of its most interesting plants. Of these 
I shall be especially concerned in this note with two 
only, namely, Polycarpon tetraphyllum (L.) L. and 
Carex bicolor All. 

The first record of Polycarpon tetraphyllum in the 
Inner Hebrides ran as follows: “A single plant found 
growing in a rock crevice along the Kinloch Burn, 
Rhum ; a new county record’”*. On August 6, 1948, 
there were four plants in place of the original one. 
They were growing around the base of the outcrop 
of rock where the original plant had been detected. 
Two were large plants, bearing several rather up. 
right stems; the other two were very small. One 
large and one small plant grew close together, and 
they were separated by a distance of some ten or 
twelve feet from the other two, which also grew 
together. From the middle of one of the two large 
plants, in such a way that the branches of the 
Polycarpon completely surrounded it, there sprouted 
a@ vigorous plant of Juncus capitatus Weig.; and 
there was also a small seedling that was probably of 
the same species. Such close juxtaposition of two 
exceedingly rare plants is most unexpected, even 
though a colony of some thirty plants of Juncus 
capitatus occurs about two hundred yards away. 
Beneath the other large plant of Polycarpon I found a 
very small flowering plant*, which was eventually 
identified as a depauperate specimen of an alien 
annual Wahlenbergia, almost certainly Wahlenbergia 
nutabunda A.D.-C. This species seems to be unknown 
in Britain outside a few botanical gardens, where, 
however, as at Cambridge, it tends to maintain itself 
as a self-sown weed. 

A single branch? of this second large plant of 
Polycarpon proved to be of a most unusual form. 
Its habit is strikingly different from that of the plant 
as it occurs in southern England, and indeed its 
combination of much-branched inflorescence and 
narrow acuminate sepals differentiates it from any 
of the specimens in the World Herbarium at the 
British Museum (Natural History). It is perhaps 
most nearly matched by specimens from Malta and 
Greece. 
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The above observations seem to leave little doubt 
that Polyearpon tetraphyllum is an alien introduction 
into Rhum, 
Carex bicolor All. was first found in Britain on 
garsely clad terraces above the easternmost tributary 
fthe Allt Slugan & Choilich in the Coire Dubh, Isle 
fRhum, at an elevation of between 1,250 and 1,500 
get?. ‘T'wo separate colonies were recorded. A third 
slony, Which I was enabled, by Prof. Heslop 
Harrison’s directions, to see for myself, had been 
more recently discovered in a somewhat different 
jeality, though still within the Coire Dubh. The 
lowing observations of this colony were made by 
Mr. T. R. M. Creighton and myself. 

There were seven mature plants of the sedge, and 
jlso two young plants which were almost certainly 
fthe same species. All were growing on almost bare 
gavel banks, at the junction of two small burns, 
st an altitude of about 940 ft. Two large plants were 
on the south bank of one of these burns, and the 
ther seven on the north bank. Those on the north 
bank were fairly evenly spaced at intervals of about 
afoot, while the two on the south bank were several 


4 feet apart. 


Of the seven mature plants one had specimens of 
both Poa annua L. and Sagina apetala Ard.* sprouting 
from among its leaves; two others had Poa annua 
growing in a similar way; and yet two others had 
Sagina apetala. These ruderal species, especially the 
Sagina, would scarcely be expected in such a locality. 
The neighbourhood, and particularly the rest of the 
extensive gravel banks, was thoroughly searched for 
further specimens of either. Though I cannot speak 
with complete confidence about the Sagina (since 
there was a large quantity of Sagina procumbens L. 
about, which might conceivably have camouflaged 
other small specimens of its congener), I fully satisfied 
myself that there were no other specimens of Poa 
annua in the neighbourhood. 

No other arctic-alpine species accompanied the 
sedge; but there was, only 7 ft. from the nearest 
specimen of the sedge, a single small plant of Juncus 
capitatus. 

The close association of annual ruderal species 
with Carex bicolor, its extreme rarity, its distribution, 
and the absence of arctic— alpine associates suggest 
that it too, like Polycarpon tetraphyllum, is an intro- 
duction into Rhum. 

There are a few other plants recorded from the 
Isle of Rhum on which it is worth adding brief com- 
ments. Viscaria alpina (L.) Don* was seen growing 
m an unusually steep bank of rather bare stony 
wil at the foot of a small bluff. There are not more 
than a dozen plants in the whole colony, which covers 
an area of only a few square feet. No specimen is 
more than a single rosette, and even the strongest 
looks very weak in comparison with typical plants in 
Glen Clova. Arenaria norvegica Gunn.', on the other 
hand, is not only abundant over a relatively large 
area but also more vigorous than any specimens I 
have seen at Inchnadamph. Similarly, Thlaspi 
talaminare Lej. and Court', and at least two striking 
species of Euphrasia, are in considerable quantity, 
accompanied by an abundance of some very puzzling 
mossy saxifrages. 


J. E. Raven 


King’s College, Cambridge. 
Dec. 17. 
"Heslop Harrison, J. W., Proc. Univ. Durham Phil. Soc. (May 1939). 
*Specimens deposited at the British Museum (Natural History). 
"Heslop Harrison, J. W., J. Bot. (July 1941). 


Heslop Harrison, J. W., et al., Rep. Bot. Soc. and E.C., 707 (1948-44). 
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Parasitism of the Mealybug Vectors of 
Swollen-Shoot of Cacao 


In view of an increasing general interest in the 
research in progress on the mealybug vectors of 
swollen-shoot virus diseases of cacao in West Africa, 
it seems advisable to make known immediately 
certain factual data which are being prepared for 
publication in full. 

The most important vector of swollen-shoot viruses, 
the mealybug Pseudococcus njalensis Laing, is natur- 
ally parasitized in the Gold Coast at a rate of about 
3 per cent of the adults'. This rate varies consider- 
ably under the conditions prevailing in Gold Coast 
cacao farms, and has been shown to be consistently 
as low as 1-7 per cent, and consistently as high as 
5-4 per cent in areas separated by only a few hundred 
yards. The mean rate over the past twenty months 
works out at 3-1 per cent for the Tafo district of 
the Eastern Province of the Gold Coast. 

Investigations have shown that there are nine 
species of Encyrtid endoparasites and two species of 
Dipterous ectoparasites which attack Ps. njalensis in 
the Tafo district. There are statistically significant 
differences in the distribution of the parasite species, 
and in the degree of parasitism effected by a given 
species when its mealybug hosts are attended by 
different species of ants, most of which are referable 
to the genus Crematogaster. 

Three of the nine Hymenopterous parasites have 
been determined by Mr. G. J. Kerrich, of the Common- 
wealth Institute of Entomology, as species of 
Anagyrus, and 73 per cent of the total adult parasites 
reared from mealybugs collected in the field are 
referable to this genus. It is of particular interest that, 
even when the natural parasite incidence is low, 
Anagyrus pullus Compere is still the dominant species. 
The two Dipterous species together account for 
approximately 0-4 per cent of the total parasitism, 
and are thus of negligible importance. 

While visiting Kenya in August of the present 
year, one of us (A. F.P.) discussed the biological 
control of the coffee mealybug (Ps. keny@ Le Pelley) 
with Dr. R. H. Le Pelley, and as a result decided to 
take back to the Gold Coast an efficient Anagyrus 
parasite of this species for trial on Ps. njalensis. 
Through the kindness of Dr. Le Pelley, mealybugs 
parasitized by a biological race of Anagyrus kivuensis 
Compere* were brought back to Tafo in gelatine 
capsules. After emergence the parasites were com- 
pared with previously determined specimens as a 
precaution against hyper-parasites, and males and 
females, usually in the proportion of 1:3, were 
transferred to 6 in. by 1 in. specimen tubes. Adults 
of Ps. njalensis were subjected to the parasites in 
the tubes for about twenty-four hours, and were then 
transferred to feed on the cotyledons of cacao beans. 
Afterwards, it was found to be unnecessary to feed 
adult mealybugs after parasitization; they were 
transferred to 250 ml. conical flasks, from which the 
transference of adult parasites was effected by fixing 
& specimen tube over the mouth with ‘Plasticene’ 
and darkening the flask. 

This biological race of Anagyrus kivuensis, origin- 
ally introduced into Kenya from Uganda by A. R. 
Melville, has now been reared through four genera- 
tions on Ps. njalensis, and has also been reared 
successfully on Ps. citri (Risso), and on Ps. brevipes 
(Ckll.). 

The discovery that one parasite of Ps. kenya will 
attack Ps. njalensis indicates that other parasites 
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used to suppress Ps. kenye on coffee in Kenya might 
also be used against West African cacao mealybugs, 
and investigations are proceeding with this in mind. 
A. F. POSNETTE 
A. H. STRICKLAND 


Division of Plant Pathology, 
West African Cacao Research Institute, 
Tafo, Gold Coast. 

Dec. 14. 


‘ West African Cacao Research Institute, Tafo, Gold Coast. Annual 
Report, 1947-48. (Crown Agents for the Colonies, Millbank, 
London.) 

Pelley, R. H., and Melville, A. R., “Biological Control of the 
Common Mealybug in Kenya’’, Proc. 5th Commonwealth Entom. 
Conference, London, 1948. 
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Life-history of Bonnemaisonia hamifera 
(Trailliella intricata) 

J. Feldmann and G. Feldmann', when cultivating 
carpospores of Bonnemaisonia asparagoides, succeeded 
in getting Hymenoclonium serpens as the tetrasporo- 
phyte. The validity of these results, however, was 
challenged by Kylin*, who supposed that the forma- 
tions held to be tetraspores by the Feldmanns are in 
reality only end-cells which have started to divide 
by oblique walls typical of the adult axis. What, 
according to the Feldmanns, seems to be a tetra- 
sporophyte is only a branched protonema of the 
gametophyte. Thus, in Kylin’s opinion, there are 
only two phases in the life-history, the gametophyte 
and the carposporophyte (quoted by Drew’). 

The problem seems to be settled by investigations 
we have carried out with another species of Bonne- 
maisonia. In their natural habitats Bonnemaisonia 
hamifera and Trailliella intricata are frequently found 
together. Therefore the Feldmanns supposed that 
Trailliella might be a potential part of the life- 
cycle of Bonnemaisonia hamifera. We accordingly 
undertook to cultivate Trailliella intricata. It formed 
reproductive organs in late autumn which are, with- 
out doubt, tetraspores (Fig. 1). Kylin’s criticism 
certainly does not apply in this case. The spores 
germinating in culture developed into plants of 
Bonnemaisonia hamifera which we succeeded in 
cultivating until the formation of cystocarps (Fig. 2). 
It follows that Trailléella intricata is the tetrasporo- 
phyte of Bonnemaisonia hamifera. In order to com- 
plete the picture, it will seem to be necessary to cultiv- 
ate specimens of Trailliella out of the carpospores of 
Bonnemaisonia hamifera. This is impossible, since 
no antheridia have been found in Bonnemaisonia 
hamifera’ except in Japan. Accordingly, only in that 
region can carpospores be found. 

As the material from which our cultures were 
grown was of European origin (Heligoland), we found 


Fig. 1. Trailliella intricata with tetraspores in culture 
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Bonnemaisonia hamifera with cystocarps, cultivated f 
tetraspores of T'railliella —_——— 


Fig. 2. 
only female plants. The very phase, however, which 
is lacking in our cultures is represented by the cultures 
of the Feldmanns. Thus the life-history of the 
Bonnemaisoniaces might be regarded as being clari- 
fied so far as the external development is concerned 
(diplobiontic type). Our present task, not yet 
finished, is to ascertain the place of meiosis. In 
Bonnemaisonia asparagoides, Svedelius* has found it 
to be directly after fertilization ; we suppose that it 
will be in the same place in Bonnemaisonia hamifera. 

R. HARDER 
W. Kocs 
Department of Botany, 
University, Géttingen. 
Oct. 29. 
‘Feldmann, J., and Feldmann, G., Ann, Sci. Nat., S 
(1942). 


* Kylin, H., Acta Univ. Lund, 15, 20 (1945). 
* Drew, K. M., Nature, 157, 274 (1946). 
° —— N., Nova Acta Soc. sient. Upsaliensis, Ser. 4, 9. Nr. 1), 


Orbital Cartilages in Snakes 


Iw adult snakes the trabecule are the only elements 
of the chondrocranium which are present in the 
orbital region. They remain paired behind the level 
of the nasal capsule so that the chondrocranium is 
platytrabic. 

Parker', working with hand-cut sections, described 
and figured a pair of small unfused orbitosphenoids 
above the trabeculz in the mid-orbital region of an 
embryo of T'ropidonotus (Natriz) natriz. Subsequent 
investigators have searched in vain for these struc- 
tures in embryos of several species of snakes (see 
de Beer*), and Parker’s interpretation has been 
regarded as incorrect (Brock®). 

During an investigation of the anterior brain-case 
of Sauropsida a number of embryos of different 
species of snakes have been examined. A 7-2-mm. 
head-length embryo of Vipera berus clearly shows two 
small nodules of cartilage above the trabeculz in the 
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Brain 


Orbital 


Vipera berus, 7-2-mm. head-length embryo. Transverse section 
through head at mid-orbital level, showing rudimentary orbital 
cartilages above the trabecule (Masson's trichrome stain, « 43) 


mid-orbital region (see reproduction). The position 
of these nodules is similar to that of the orbito- 
sphenoids figured by Parker in Natriz, and they are 
not connected with each other or with any other 
structure. The nodule on the right side has a long- 
itudinal extent of 250u, and that on the left an 
extent of 160u. These structures were not found 
in earlier or later embryonic stages of Vipera, and 
it is concluded that they are only present for a brief 
period during the life of the embryo. 

Only in a single instance was any comparable 
structure found among a large collection of other 
snake embryos. In a 12-mm. head-length embryo of 
Python molurus, a small nodule of cartilage was 
present in the midline above the trabecule at mid- 
orbital level. 

Although made on different species, these observa- 
tions provide some confirmation of Parker’s account. 
It seems very probable that the structures described 
do, in fact, represent rudiments of the saurian orbital 
cartilages, and that the more extensive endocranial 
side-walls of lizards have some parallel in the ophidian 


embryo. 
A. p’A. BELLAIRS 

Department of Anatomy, 

London Hospital Medical College, 
London, E.1. 
Aug. 10. 

‘Parker, W. K., Phil. Trans. Roy. Soc., 168, 385 (1879). 
*De Beer, G. R., “The Development of the Vertebrate Skull’ (Oxford, 

1937). 
"Brock, G. T., Quart. J. Mier. Sci., 73, 289 (1929). 


Black Rust in South-East Scotland 


Tx® last few seasons have been notable for attacks 
of black or stem rust (Puccinia graminis) on cereals 
in the south-east of Scotland. The rust was particu- 
larly widespread and severe in 1947. It is possible 
that the rainfall and humidity of the spring and early 
summer being more than average, followed by a long 
hot period until harvest, created ideal conditions for 
the development and spread of the rust. 
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On looking into the reasons for these attacks, it 
soon became obvious that the common barberry (the 
alternate host of the rust) is frequently found in 
hedges, the bushes being especially numerous in the 
Border districts. Wheat and barley are seldom 
attacked to any extent ; but oats are often seriously 
affected in the immédiate neighbourhood of bar- 
berries. The straw becomes brittle and lodges rather 
easily, and the ears do not fill properly. 

Many of the grasses are also heavily infected. In 
1948 the rust was found on Poa trivialis and P. 
pratensis. So far as I know, this is the first record 
of Puccinia graminis poe in Britain. Both species 
were growing near infected barberry bushes. 

The serious losses caused by this rust in the 
vicinity of barberries suggest that a barberry eradica- 
tion campaign in the south-east of Scotland would 
be most beneficial. If this could be encouraged, the 
losses brought about by black rust would be greatly 
diminished. 

C. C. V. Batts 
Edinburgh and East of Scotland 
College of Agriculture, 
13 George Square, 
Edinburgh 8, 
Sept. 6. 


White-eyed Mutants in Calliphora 
erythrocephala, Meig. 

SoME months ago, Dr. P. Tate' gave a review of 
white-eyed mutants of Diptera. In his paper Tate 
stated that in Calliphora erythrocephala the male 
never manifests the white-eyed character. 

Some years ago a white-eyed mutant of Calliphora 
erythrocephala appeared in our mass cultures, and in 
this case both white-eyed females and males occurred. 
We reared the mutant and obtained a mass culture 
of it. At that time, however, we were busy with 
other work, and so' we did not investigate the 
mutant as to the mode of inheritance. Unfortunately, 
after some time the culture was allowed to die out. 

It is evident that the mutation found in our 
culture differs from that of Tate, his mutation being 
sex-limited, which was not the case with ours. It is 
interesting to note that the same visible character 
may be due to different gene mutations. 

ELLEN THOMSEN 
Zoological Laboratory, 
Royal Veterinary and Agricultural College, 
Copenhagen. 
Nov. 5. 


* Tate, P., Nature, 161, 641 (1948). 


Vector of Scrub Typhus in Bengal 


Drs. K. V. Krishnan and R. O. A. Smith, after 
developing a technique for breeding Trombicula 
deliensis in the laboratory over several generations, 
have used these mites in transmission experiments 
with the white mouse as test animal, and obtained 
proof that 7’. deliensis larve are the vectors of scrub 
typhus in Bengal. This work was carried out at the 
All-India Institute of Hygiene and Public Health, 
Calcutta, under a grant from the Indian Research 
Fund Association. 

Dreector, Institute of Hygiene, Calcutta. 


Dec. 31. (By cable.) 
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TEMPERATURE CHANGES IN HIBERNATING HEDGEHOGS 


By ELSIE PROCTOR 
Bedford Froebel Training College 


HESE records of the varying temperatures of 

hedgehogs during their period of hibernation, and 
of the relationship between these and relevant air 
temperatures, were made during three winters before 
and just after the Second World War. In pre-war 
days the feeding of these animals was less difficult 
(we used milk and eggs). Our aims were to discover : 
(1) whether an adequate supply of fresh food would 
delay hibernation ; and (2) to what degree tempera- 
ture changes were related to or independent of 
relevant air temperatures. 

We have long lists of statistics covering three or 
four years of observation ; but the integraticn of our 
results gives some fairly definite information, and a 
frequent recurrence and constancy of certain tem- 
peratures which seem even more significant now, in 
view of the fact that we are receiving some of the 
same recurring constants with other hibernating 
mammals—in particular with Glis glis, one of Dr. 
Vever’s squirrel-tailed dormice. 

The hedgehog, when not hibernating, is a normally 
homoiothermic animal with a constant summer 
temperature a little higher than our own (37-0° C. 
or 98-6° F.). During its hibernation it passes through 
a poikilothermic phase, that is, it becomes virtually 
a ‘cold-blooded’ animal, with a temperature which 
varies with that of the surrounding atmosphere. The 
length of this poikilothermic phase may be lengthened, 
as in the case of our H.3, which had not achieved its 
normal summer temperature by midsummer (in 
captivity). 

Outlined below are some of our more important 
discoveries concerning hedgehogs 1, 2 and 3, with a 
graph of the temperature behaviour of H.3—which 
showed a remarkable recovery from the abnormally 
low temperature of 2-0° C. 

Hedgehog 1 (Female). H.1 was received into a 
hutch in an old outside aviary on January 18, 1937. 
It was already in hibernation, and its temperature 
was 11-0° C.—that of the air in the aviary was 
15-0° C. Between Janyary 18 and March 12, 1937, 
we kept daily records (at 1 p.m.) of the temperatures 
of hedgehog and of air. 


Temperature (° ©.) 








9 14 19 
November 
Full line, air temperature ; broken line, hedgehog’s temperature. 
———, line of W.T.22, waking temperature. 
©, occasion upon which H.3 sustained a temperature of 2-0° C. 


Four times during this period the hedgehoy woke 
from hibernation, with no external stimulus xcept 
that of varying air temperature. The ‘waking tem. 
perature’ was found each time to be 22-0° C. (7]-° 
F.), and this temperature was obtained on «al! but 
one occasion only after the air temperature hac risen 
to 12-0° C. (53-6° F.). It was observed that when. 
ever the air temperature was recorded at 12-(° ¢. 
the animal stirred and that when its own temperature 
touched 22-0° C. it sought food (which was always 
accessible). The hedgehog is by no means a con. 
tinuously ‘deep sleeper’ in hibernation. Even at its 
lowest ebb (except on the classic occasion when H.3 
touched 2-0° C.) it showed slight movements of the 
spines in response to touch. This aggressive stiffening 
of the spines was our most reliable indication of life 
even when heart beats and breathing were imper. 
ceptible. 

The blood temperature of H.1 never rose to the 
normal summer temperature of 37-0° C. while in 
captivity. At the end of March we took it back to 
the woods. Whether its temperature ever became 
normal in a wild environment we do not know, 
although another hedgehog (H.4) captured in July 
1941 and brought in for two days observation gave 
us the normal summer temperature of 37-0° C., or 
98-6° F. We formed the impression that hedgehogs 
retained in captivity during their hibernating period 
and afterwards do not achieve a normal summer 
temperature. This hypothesis was borne out by 
H.3, which on June 11 still remained at 32-0° C. 
(89-6° F.). 

Hedgehog 2 (Male). (The winter of 1938.) The 
brief record of temperature readings from our second 
hedgehog was important from one aspect only, that 
the animal died and we were able to record a ‘death 
temperature’. This was a smaller animal than H.1 
and not so well nourished. We found it in deep 
hibernation in February and knew that it was alive 
from slow but perceptible heart-beats and the 
sensitivity to touch of the spines. On February 26 
all spine reaction ceased, and at 4-0° C. the hedgehog 
died, and in death relaxed from a ‘rolled’ to a 
straight position. We waited for putrefaction to set 
in before disposing of the body. This case was amply 
justified when H.3 (1939-40) sank below this death 
temperature and revived again. 

In order to facilitate references to our records we 
now established a series of abbreviations for the 
more outstanding or constant of our temperature 
results, as follows : 

W.T.22 = waking temperature of hedgehog (con- 
stant); that is, 22-0° C. (71-6° F.). 

C.T.37 = normal summer temperature (constant) ; 
that is, 37-0° C. (98-6° F.). 

S8.N.T.32 = subnormal summer temperature in 
captivity (constant); that is, 32-0° C. (89-6° F.). 

D.T.4 = death temperature of H.2; that is, 
4-0° C. (39-2° F.). 

Hedgehog 3 (Female) (1939-40). Hedgehog 3, from 
which we obtained our most significant range of 
temperature variations, was a well-nourished female. 
We found her in a local ditch on November 9, awake 
but not very active. It is interesting to note at this 
point that the female hedgehogs (probably because 
of extra subcutaneous fat) appear to be better 
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nourished and to survive winter better than do the 
nales. 

Between November 9, 1939, and the final emergence 
fom hibernation on April 21, 1940, H.3’s blood 
mperature rose above W.T.22 four times; but 
with these exceptions a state of hibernation was 
maintained for five months. 

We retained H.3 in captivity until June 11, in an 
fort to record the constant summer temperature, 
but C.T.37 was never achieved by H.3. After April 21 
until we let her go on June 11 she remained healthy, 
and nocturnally active, with a constant temperature 
of 32°0° C. (S.N.T.32). 

The most startling performance of H.3 was her 
amazing recovery after having sustained the low 
amperature of 2-0° C.—two degrees lower than the 
death temperature of H.2. The winter of 1939 was 
gvere, a particularly bitter December. Apart from 
me rise of air temperature between December | and 
16, which dragged up the blood temperature of H.3 
with it, the atmosphere became progressively colder 
itil we recorded 2-0° C. as the temperature of both 
sir and hedgehog on December 16. 

The revival of H.3. No readings were taken between 
December 23 and March 1, because H.3 was presumed 
dead. Even spine reaction had ceased although the 
animal remained curled up. A student examining 
the hutches on March | stated that she believed 
the hedgehog to be alive, although there seemed 
nothing to justify this belief at the time. However, 
we began temperature records again, only to 
find that air and blood temperatures were prac- 
tically similar. Since this was fairly common during 
deep hibernation we persisted, and at the beginning 
of April a slight reaction of spines was observed, and 
we knew H.3 to be alive. The blood temperature 
remained ‘chained’ to the air temperature until a 
general rise took place on April 19, 20 and 21, during 
which time the blood temperature of H.3 gained 
independence and eventually rose to 32-0° C. 
(S.N.T.32), where it remained constant until the 
release of the animal on June ll. As stated before, 
it never achieved a normal summer temperature in 
captivity. 

Two other hedgehogs, H.4 (which has already been 
mentioned) and H.5, were studied in subsequent 
years. Their records helped to verify our previous 
discoveries. 


D.D.T. AND ‘GAMMEXANE’ AS 

RESIDUAL INSECTICIDES AGAINST 

ANOPHELES GAMBIAZ IN AFRICAN 
HOUSES 


By Dr. R. C. MUIRHEAD-THOMSON 
Medical Laboratory, Dar-es-Salaam, Tanganyika 


poets the great developments in residual 
insecticides in the last few years, there is still 
difficulty in assessing and comparing their value in 
re anopbeles—under African conditions at 
east. 

_ The dramatic fall in the day-catch of mosquitoes 
in houses treated with D.D.T. is now known to be 
of doubtful significance by itself, and may give an 
entirely misleading impression that a high kill of 
mosquitoes has been obtained’. 
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To estimate the effect on the incidence of malaria, 
or rather on the incidence of new infections, of large- 
scale treatment of African houses, is also a difficult 
matter, although in theory this should constitute the 
ultimate criterion of success. Large-scale experiments 
of this kind have to be planned on a long-term basis, 
during which time the African may be exposed several 
times to infection outside the controlled area. This 
may introduce a considerable source of error and 
uncertainty into the experiment, a point which has 
recently been emphasized by Walton?. 

It seems to me that before embarking on such 
large-scale experiments, the first thing is to try to 
find out exactly what happens inside an African 
house after treatment with a residual insecticide. For 
this purpose the technique worked out in West Africa 
offers the most simple and accurate solution so far’. 

In a study of the normal habits of anopheles in 
African native houses, it was found that mosquitoes 
leaving the shelter of the house at dusk or dawn were 
strongly attracted to light coming in through window 
and door openings. To the restless mosquito 
the attraction to light was equally strong during the 
hours of darkness, mosquitoes being attracted to the 
faint light coming in from the night sky. This prin- 
ciple was used to design a simple mud and thatch 
African-type hut in which two to four paid Africans 
slept every night. The hut was so constructed that 
while hungry anopheles could gain entrance through 
innumerable small cracks and crevices, the only light 
coming in from outside was through a 1-ft. square 
window opening, over which a mosquito netting tray - 
cage was fixed. Mosquitoes attracted to the light 
were directed into a narrowing funnel which led 
through a small opening into the cage. This one-way 
valve idea is essential, as mosquitoes trapped in the 
cage are attracted once more towards the darkness of 
the hut when bright daylight appears. 


D.D.T. 


D.D.T. in kerosene. As already reported’, huts of 
this type were used in Lagos, West Africa, to test 
the effect of house treatment with D.D.T. in kerosene 
Treatment of inside walls and roof at the rate of 
approximately 100 and 250 mgm. D.D.T. per sq. ft. 
afforded almost complete protection from biting for 
about one week. After that time, a steadily increasing 
number of blood-fed A. gambie and A. melas were 
taken every day in the window-traps. Among these 
anopheles there was no appreciable mortality in the 
following 48 hours. Within a few weeks of treatment, 
large numbers of anopheles were feeding regularly in 
the treated huts, were irritated by brief contact with 
the treated walls and roof, and were trapped in the 
window-cage as they attempted to leave the hut. 
The day-time catch of resting anopheles inside the 
treated hut remained practically zero for at least two 
months after treatment. The initial few days of 
complete freedom from biting was later shown to be 
due to the repellent effect of the heavy dose of kero- 
sene which accompanied the D.D.T. 

Possibly the first suggestion that mosquito control 
by treatment of houses with D.D.T. might not 
be as simple as it first appeared was due to Kennedy‘, 
who showed in laboratory experiments with Anopheles 
maculipennis that mosquitoes are excited by contact 
with D.D.T.-treated surfaces. In this state they were 
attracted to light, and could escape without beving 
absorbed a lethal dose of the insecticide. 

The field experiments in Lagos show that this 
irritant effect of D.D.T.-treated surfaces is a factor 
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of such, importance as to throw doubts on the value 
of house treatment with D.D.T. as a control meesure 
against A. gambie. 

D.D.T. dispersible powder. Recently in Der-es- 
Salaam, Tanganyika, these experiments have been 
repeeted using D.D.T. dispersible powder (1 Ib. to 
1 gallon of weter). One particularly suitable hut was 
treated at the rate of approximately 400 mgm. of the 
powder per sq. ft. Here there was no initial period of 
complete protection. A. gambie were found to be 
feeding in the hut in numbers on the night after 
treatment, and from then onwards large numbers of 
blood-fed mosquitoes were taken in the window- 
trap every day. Among these there was no appreci- 
able mortality in the following 24 hours, and a 
variable mortality never exceeding 20 per cent in the 
following 48 hours. Inside the treated hut the 
number of dead anopheles taken on the floor sheet 
was only a fraction of those escaping unharmed. For 
at least two months after treatment not a single 
resting anopheles was found inside the hut, creating 
the familiar illusion that a high kill of mosquitoes 
had been obtained. 

It is possible that in some parts of the world the 
mere fact of driving the mosquitoes from the shelter 
of the house to an uncertain fate out-of-doors might 
achieve useful results ; but in the coastal regions of 
East and West Africa, A. gambie normally make 
part-time use of outdoor resting places. As there is 
no scarcity of such shelters, it is unlikely that the 
mosquitoes are seriously affected by having to take to 
the open air. 

Attempts were made to overcome this serious 
irritant property of D.D.T., such as by screening the 
window opening with transparent cloth treated with 
D.D.T., in the hope that irritated mosquitoes attracted 
to the light would have additional contact with the 
insecticide. These have not proved very encouraging, 
although it is still possible that the mosquito mor- 
tality might be influenced by the type of house. 
However, in view of the excellent results obtained 
with ‘Gammexane’ dispersible powder described 
below, it is doubtful if it is worth while trying to 
overcome these serious defects of D.D.T. 


‘Gammexane’ Dispersible Powder 


In Dar-es-Salaam, huts of the type described above 
have been used to test the residual insecticidal value 
of ‘“Gammexane’ dispersible powder, P. 530. The inner 
walls and ceiling of a particularly suitable hut were 
sprayed with half a gallon of a mixture of 1 Ib. powder 
to 1 gallon water. This worked out at approximately 
400 mgm. powder, or 24 mgm. gamma isomer, per 
sq. ft. As with the D.D.T. experiments, not a single 
living anopheles was found resting in the hut for 
weeks after treatment; but in striking contrast to 
D.D.T., not a single living anopheles was taken in 
the window-trap up to thirteen weeks after treatment, 
by which time the falling mosquito population put 
an end to the experiment. During all that time 
numbers of dead A. gambie were taken on the floor 
sheet at every collection. Feeding still tekes place 
inside the treated hut; but a high proportion of A. 
gambie are evidently killed before they can bite, 
especially in the first two or three weeks after treat- 
ment. Among those that feed in the hut, there is no 
indication of that irritation that drives them out of 
D.D.T.-treated houses. The window-trap catch 
remained very low throughout the experiment, and 
all anopheles found there were already dead. The 
continued steady figure for dead anopheles found on 


the floor sheet is proof of continued lethal action for 
at least three months after treatment. 

These results are very encouraging. In persistence 
and killing power, this particular form of ‘Gammexane’ 
seems to satisfy the most critical requirements, and 
its insecticidal powers are clearly superior to those 
of D.D.T. Even allowing for the fact that in these 
huts the insecticide is being tested under idea) 
conditions, in which every possible resting-place for 
mosquitoes is heavily treated, it appears as if we now 
have an insecticide of real value in the control of 
A. gambie at least. 

The success of these hut experiments is dependent 
on a high population of anopheles mosquitoes main. 
tained over several months. This is an ideal not 
always easy to attain in the field. But when conciitions 
are favourable it should be possible to get accurate 
comparisons between different dosages or different 
insecticides in a matter of months rather than years, 
The design of the hut could be modified to conform 
to local housing conditions without altering the main 
principle of the attraction to the window-trap, and 
it is felt that these experiments might be repeated 
with advantage in other countries besides Africa. 


* Muirhead-Thomson, R. C., Bull. Ent. Res., 3B, Pt. 3, 449 (1947) 
* Walton, G. A., Nature, 168, 114 (1948). 

* Muirhead-Thomson, R. C., Bull. Ent. Res., 3B, Pt. 4, S27 (1948). 
* Kennedy, J. S., Bull. Ent. Res., 37. Pt. 4, 503 (1947) 


WEST AFRICAN CACAO 
RESEARCH INSTITUTE 


COMPREHENSIVE account of the work of 

this Institute, situated at Tafo, Gold Coast, is 
available in the annual reports for 1946 and 1947 
(Crown Agents, 4 Millbank, London, 8S.W.1. 5e.). 
The programme of research now being organised 
and undertaken includes the establishment of type 
collections of different varieties of Theobroma cacao 
and related species, selection and hybridization 
investigations, comprehensive studies of growth and 
cultivation, and, in particular, the study of the 
complex of virus diseases known as swollen-shoot, 
and of capsid pests, with the view of formulating 
measures of control. 

Notwithstanding the many difficulties which have 
been encountered, it is evident from these reports 
that considerable progress is being made on a wide 
front and that many new facts, of great scientific 
interest as well as of practical importance, are being 
ascertained. In the matter of swollen-shoot disease, 
a considerable number of virus strains have now been 
recorded in the Ivory Coast, Gold Coast and Nigerian 
cacao belt, each locality showing some particularity 
of symptoms in the host plant. The disease has now 
been observed on all the main soils on which the 
crop is grown in West Africa. Several distinct viruses 
are involved, some of these not producing the char- 
acteristic stem swellings. Much useful information 
regarding the insect vectors is now available, and 
techniques have been devised so that transmission 
experiments can be carried out on a considerable 
scale. While no cacao tree immune to virus has yet 
been discovered, varying degrees of tolerance have 
been shown to occur. The virus is not transmitted 
by seed. That swollen-shoot disease can be controlled 
by cutting out infected trees has been proved ; and 
provided the soil is suitable, cacao can be successfully 
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»established on areas previously devastated by the 


“Capsids of four genera attacking cacao in West 
{frica are being given close attention, and their life- 
history, mode of nutrition, population fluctuation, 
and destructive effects studied. It appears from 
wmprehensive studies that the several capsids are in 
the course Of changing from their indigenous host 
slants to cacao. Spraying of young trees with 
sicotine sulphate has given good protection, but the 
sethod is not economic. 

Soil surveys so far undertaken have shown that the 
ycidence of virus disease or capsid pests is apparently 
wt dependent on soil type. A preliminary general 
vil survey of the Gold Coast, Togo, Nigeria, and the 
pritish Cameroons has been completed, and the 
principal soils identified and their distribution 
oughly estimated. Further detailed surveys are in 
and much valuable information along 
everal lines is being accumulated. 

The reports also give accounts of the work on 
aperimental plots in native farms, and of relevant 
ptanical, horticultural, mycological and physio- 
gical studies. 

The Director and his staff are to be congratulated 
n their judiciously balanced programme of funda- 
mental and applied research, and on the progress 
vhich they have been able to report on so many 
interesting lines of work. 


DUST AND HEALTH 


ECTLON V_ of the Conference on “Dust in 
Industry” arranged at Leeds by the Society of 
Chemical Industry met on September 30, under the 
hairmanship of Prof. E. C. Dodds, in the main 
eture theatre of the Chemical Department of the 

Universit y. 

The large attendance at this section indicated the 
keenness of the audience for this particular branch 
fhealth hazards, although good attendance was the 
rule throughout all the sections. 

Unfortunately Prof. R. R. Fabre, dean of the 
Faculty of Pharmacy in the University of Paris, was 
able to be present to read his paper on ““Pulmonary 
Penetration by Toxic Products of Industry” ; but the 
ther five communications were presented and were 
liseussed at some length. 

The first paper, by Prof. W. M. Cumming and 
Dr. 1. A. Brownlie, was called ““Tetryl Dermatitis and 
its Prevention”. Prof. Cumming gave a review of the 
problem of tetryl dermatitis, which at one period 
proved a very serious obstacle to munition pro- 
duction during the War. As was pointed out, tetry! 
is profoundly altered in constitution by exposure 
to ultra-violet light, and it is only on the exposed 
area of the skin that the dermatitis appears. He 
therefore developed the interesting theory that the 
dermatitis was produced by the products of ultra- 
violet radiation actually produced over the areas of 

skin exposed to sunlight. He also demonstrated that 
these products of irradiation could combine with 
proteins, and it might well be that these protein 
complexes produced immunity reactions which were 
responsible for the actual dermatitis. The paper 
presented an ingenious attempt to bring real experi- 
mental method into the study of this very difficult 
ubject, and the consensus of opinion at the end of 
the discussion was that Prof. Cumming had certainly 
indicated a valuable new line of approach. 
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This was followed by a brief paper on the subject 
of barrier creams. In this it was pointed out that the 
constituents of a barrier should be very carefully 
studied to see whether the particular toxic agent 
against which they are to form a barrier is soluble in 
them. Tae lecturer pointed out that in a number of 
barrier creams the constituents were actually good 
solvents for the toxic agents, and therefore actually 
assisted the penetration rather than inhibited it. 

Prof. E. J. King gave a masterly summary of the 
present position of the study and treatment of 
silicosis. He described in detail the modern treat- 
ment, consisting of inhalation of aluminium powder. 
This again provoked an interesting discussion as to 
the possible danger of aluminium itself as a toxic 
agent. 

A paper by Dr. T. A. Lloyd-Davies described the 
high incidence of pulmonary infections in permangan- 
ate plants. Dr. Lloyd-Davies provided evidence which 
supported the view that the lesion, a pneumonitis, is 
caused by manganese inhalation. 

A very interesting review of the arsenical dusts in 
industry, prepared by Dr. A. N. Currie, but presented 
by Dr. Buchanan, showed that, despite its sinister 
reputation, arsenic is not responsible for frequent 
damage to health in industry. The question of 
arsenic as @ cause of cutaneous cancer was carefully 
reviewed and discussed. 

The final paper in this session was one by Prof. 
A. L. Roberts, on a method for determining free 
silica in dusts. This is a very elaborate technique for 
the determination of particulate crystalline silica. 

The interest in industrial medicine in Great Britain 
was clearly demonstrated by the large attendance at 
this meeting, and by the really high quality of the 
discussion which took place at the end. It was 
interesting to note the complete fusion of interests of 
the medical workers, experimental biological workers 
and the actual chemists, engineers and mining engin- 
eers who operate the industries in question. There 
can be no doubt that the Society of Chemical Industry 
performed a very useful function in arranging this 
Conference, and it was the unanimous wish that 
others on the same lines should be arranged. 


FORTHCOMING EVENTS 


( Meetings marked with an asterisk * ere open to the public) 


Monday, January !7 
ROYAL GEOGRAPHICAL SoOcIETY (at Kensington Gore, London, 
5.W.7), at 8.15 p.m.—Mr. Francis Huxley: “The Oxford Expedition 
to Gambia Colony’’. “ 


Tuesday, January 18 

UNIVERSITY OF LONDON (in the Anatomy Theatre, University 
College, Gower Street, London, W.C.1), at 1.15 p.m.—Dr. Kathleen 
Lon le, F.R.S.: “Art and Architecture in Science’’.* 

ROYAL SOCIETY OF ARTS, DOMINIONS AND COLONIES SECTION (at 
John Adam Street, Adelphi, London, W.C.2), at 2.30 p.m.—Mr. 
W. E. F. Ward: “Mass Education in the Colonies’’. 

UNIVERSITY OF LONDON (in the Physiology Theatre, University 
College, Gower Street, London, W.C.1), at 5.15 p.m.—Dr. E. Ash- 
worth Underwood: “The Development of Modern Physiology, 
1700-1900"".* (Further Lectures on January 25, February 1 and 
February &.) 

INSTITUTION OF ELECTRICAL ENGINEERS, RADIO SECTION (at Savoy 
Place, Victoria Embankment, London, W.C.2), at 5.30 p.m.—Dis- 
cussion on “Should British Universities consider the Establishment 
of Special Degrees in Radio ?’* (to be opened by Prof. E. B. Moullin). 

CONWAY Discussion CIRcLE (in the Library, Conway Hall, Red 
Lion Square, London, W.C.1), at 7 p.m.—Mr. Hector Hawton: 
“Discussion on Marxism and Intellectual Freedom’’.* 

SOcIETY OF CHEMICAL INDUSTRY, FINE CHEMICALS GROUP (in the 
large Anatomy Lecture Theatre, King’s College, Strand, London, 
W.C.2), at 7 p.m.—Discussion on “The Approach to the Chemo- 
therapy of Tuberculosis’’ (to be opened by Dr. James Walker and 
Dr. P. M. D’Arey Hart). 
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TEXTILE INSTITUTE, YORKSHIRE Section (at the Midland Bank, 
Bradford), at 7 p.m.—Mr. Stansfield Haigh : “Hairs—their Properties 
and Uses"’ 


Wednesday, January 19 

GRoLoeIcaL Soctety oF LONDON (at Burlington House, Piccadilly, 
London, W.1), at 5 p.m.—Scientific Papers. 

ROYAL Statistical Socrety (at the London School of Hygiene 
and Tropical Medicine, Keppel Street, London, W.C.1), at 5.15 p.m.— 
Mr. H. Campion: “International Statistics”. 

MANCHESTER METALLURGICAL SocreTy (at the Engineers’ Club, 
Albert Square, Manchester), at 6.30 p.m.—Mr. J. I. Morley : “Metallo- 
graphy of Stainless and Heat Resisting Steels’’. 

Royal Instrrvre or Cugsmistry, LONDON AND 38.E. COUNTIES 
SECTION (at the Royal Society of Medicine, 1W ~~ Street, London, 
W.1), at 6.30 p.m.—Prof. W. Wardla rdlaw: “The Ministry of Labour 
and the Profession of Chemistry” 

Society oF CHEMICAL [NDU STRY, PLastics Group (joint meeting 
with the Lonpon SEcTIoN, at the Royal Institution, Albemarle Street, 
London, W.1), at 6.30 p.m.—Mr. H. V. Potter: “Synthetic Fibres 

Historical Survey of the Development of some Synthetic Fibrous 
Materials’’ (Jubilee Memorial Lecture). 


Thursday, January 20 

LINNBAN Socrety oF LonpON (at Burlington House, 
London, W.1), at 5 p.m.—Scientifie Papers. 

LONDON MATHEMATICAL Socrery (at the Royal Astronomical 
Society, Burlington House, Piccadilly, London, W.1), at 5 p.m. 
Prof. L. J. Mordell, F.R.S.: “Rational Points on Cubic Surfaces’’. 

INSTITUTION OF ELECTRICAL ENGINEERS, MEASUREMENTS SECTION 
(joint meeting with the Rapio and UTILIZATION Seceseus, at od 
Place, Victoria Embankment. London, W.C.2), at 5.30 p.m.—Mr. A 
Langley Morris : “Small Power Transformers for Aireraft Electrical 
Equipments’’. 

ROYAL PHOTOGRAPHIC Soctery, ScrENTIFIC AND TECHNICAL GROUP 
(at 16 Princes Gate, London, 8.W.7), at 7 p.m.—Dr. A. Hughes: 
“The Kinephotomicrography of the Living Cell’ 

Cuemicat Socrety (at the Roval Institution, 
London, W.1). at 7.15 p.m.—Prof. F. RB. King: “‘Three- and Four- 
membered Heterocyclic Rings’ (Tilden Lecture). (To be repeated on 
Friday, January 28, at 5 p.m., in the Chemistry Department, King’s 
College, Newcastle-upon-Tyne.) 

CHEMICAL Socrety, NORTHERN [IRELAND Section (joint meeting 
with the LocaL Sections of the Royal INSTITUTE OF CHEMISTRY 
and the Socrety oF CHEMICAL INpustRY, in the Lecture Theatre, 
Department of Agricultural Chemistry. Queen's University, Belfast), 
at 7.30 p.m.—Sir Jack Drummond. F.R.S.: “Nutritional Theories 
reviewed in the Light of War-time Experience’’. 

ROYAL Society oF TROPICAL MEDICINE AND HYGTENE (at Manson 
House. 26 Portland Place, London. W.1), at 7.30 p.m.—Dr. H. C. 
Trowell: “A Critical Review of Malignant Malnutrition (Kwashior- 
kor)”" 

TEXTILE INSTITUTE, TRISH (BELFAST) SECTION (at the College of 
Technology, Belfast). at 7.30 p.m.—Mr. G. Shaw: “Textile Testing 
Methods and Problems”’ 


Piccadilly , 


A Ibemarle Street, 


Friday, January 21 
OF MECHANICAL ENGINEERS (at Storey’s Gate, St 
James’s Park, London, 8.W.1), at 6 p.m.—Engineer Vice-Admiral 
Sir John Kingcome, K.C.B.: “Marine Engineering in the Royal Navy” 
(Thomas Lowe Gray Lecture) 

Society OF DYERS AND COLOURISTS, MANCHESTER SECTION (at 
the Gas Department Showrooms, Manchester), at 6.30 p.m.—Dr. T. 
Vickerstaff : “‘A Study of the Factors Controlling Dyeing Behaviour’’, 

INSTITUTION OF THE RUBBER INDUSTRY, MANCHESTER AND DISTRICT 
SECTION (joint meeting with the PLastics INSTITUTE, at the Engineers’ 
Club, Albert Square, Manchester), at 6.45 p.m.—Dr. J. R. Hethering- 
ton: “Applications of Acrylic and Vinyl Pastes’’. 

INSTITUTE OF PHYSICS, MANCHESTER AND DISTRICT BRANCH (in 
the New Physics Theatre, The University, Manchester), at 7 p.m.- 
Dr. T. Bedford: “Environmental Warmth in relation to Human 
Comfort’. 

SOCIETY OF INSTRUMENT TECHNOLOGY, MIDLAND Section (at the 
Arden Hotel, New Street, Birmingham), at 7 p.m.—Mr. A. J. Young : 
“Impressions of Recent American Instrumentation’’. 

Soctery oF CHEMICAL INDUSTRY, Foop Grovp (joint meeting with 
the GLascow SEcTION, at the Royal Technical College, Glasgow), at 
7.15 p.m.—Dr. J. B. M. Coppock: “Some Aspects of Bakery Re- 
search’’ 

Society OF GLass 
Gas Showrooms, Radiant House, 
Pickering: “‘Optical Glass’’. 


INSTITUTION 


TECHNOLOGY, NORTH-WeEsT Section (at the 
St. Helens), at 7.15 p.m.—Mr. 8. T 


Saturday, January 22 


L Soctety (at the British Postgraduate Medical School, 
London, W.12), at 11 a.m.—Scientifie Papers. 


BIOCHEMICA 
Dueane Road, 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or 
before the dates mentioned : 

MATHEMATICAL ASSISTANT IN THE ELECTRO-TECHNICAL RESEARCH 
SECTION at Headquarters in London—The Director of Establishments, 
British Electricity Authority, British Electricity House, Great Port- 
land Street, London, W.1 (January 19). 


NATURE 
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LECTURER IN CHEMISTRY at the Blackburn Municipal Tee 
College and School of Art—The Director of Education, Kdue 
Offices, Library Street, Blackburn (January 22). 

SENIOR LECTURER IN PHYSIOLOGY—The Dean of the 
College, St. Bartholomew's Hospital, West Smithfield, London, 
(January 22). 

SUPERINTENDING GEOLOGISTS (2) for the G ileal S 
—- under the Ministry of Education and Industries. g 
ment of Pakistan—The Office of the High Commissioner for Paki 
14 Fitzhardinge Street, London, W.1 (January 25). 

SENIOR LECTURER IN THE DEPARTMENT OF CIVIL ENGINE 
University of Capetown—The Secretary, Association of Unj 
of the British Commonwealth, 32 Woburn Square, London, W, 
(January 28). 

WILLOW OFFICER at Long Ashton Research Station—The Seq 
and Registrar, The University, Bristol 8 (January 29). 

SENIOR MEMBER OF THE STAFF, and a LECTURER (Grade If) 
THE DEPARTMENT OF PHYSIOLOGY—The Registrar, The Uni 
Liverpool (January 29). 

SENIOR LECTURER IN CIVIL ENGINEERING, Natal University 
Durban—The Secretary, Association of Universities of the Brith 
Commonwealth, 32 Woburn Square, London, W.C.1 (January 

SENIOR ASSISTANT IN Puysics—The Director of Education, 
Polytechnic, 309 Regent Street, London, W.1 (January 31) 

RESEARCH BOTANIST in the Department of Allergic Di 
The Secretary, Wright-Fleming Institute of Microbi r, St. 
Hospital, Paddington, London, W.2 (January 31). 

SENIOR RESEARCH OFFICER (Fibre Physicist), in the C.S.1.R. 
Textile Laboratory, Geelong, Victoria—The Chief Scientific 
Officer, Commonwealth of Australia, Africa House, Kingsway, Londos | 
W.C.2, quoting No. 2063 (February 5). 

WORKS MANAGER (optical), scientifie and precision inst 
manufacture, Ordnance Factory, Dehra Dun, Indian Oni 
Service—The High Commissioner for India, General Depart 
India House, Aldwych, London, W.C. uoting 58.L (February. n. 

READERSHIP IN MATHEMATICS at linge College—The A 
Registrar, University of London, Senate House, London, = 
(February 10). 

CHEMIST or BIO-CHEMIST AT THE PLANT CHEMISTRY LABORATORY 
Palmerston North—The Office of the High Commissioner for 
Zealand, 415 Strand, London, W.C.2 (February 15). 

PROFESSOR OF APPLIED PHYSICAL CHEMISTRY, and a Pro 
OF INORGANIC TECHNOLOGY, in the Institute of Chemical Technolgy 
Farouk I University—-The Egyptian Education Bureau, 4 Chesterid 
Gardens, London, W.1 (February 15). 

ASSISTANT PROFESSIONAL OFFICER (physicist) at the Union @ 
servatory, Johannesburg—The Secretary, Union of South 
South Africa House, Trafalgar Square, W.C2 ¢ 
ary 19) 

CHAIR OF EDUCATIONAL PSYCHOLOGY at the Institute of Edu 
—The Academic Registrar, University of London, Senate 
London, W.C.1 (February 24). 

CHAIR OF BIOCHEMISTRY in the University of Sydney—The 
tion of Universities of the British Commonwealth, 32 Woburn 5 
London, W.C.1 (Sydney, February 28). 

CHAIR OF PHILOSOPHY—The Registrar, The University, § 
(March 1) 

LC.1. ReSEARCH FELLOWSHIPS for research in bioch 
chemistry, engineering, ology or physics—-The Secretary, TI 
University, Edinburgh (March 15). 

DIRECTOR OF THE INSTITUTE OF SOCIAL AND ECONOMIC B 
University College, Ibadan, Nigerila—The Under-Secretary of § 
Research Department, Colonial Office, Sanctuary Buildings, G 
Smith Street, London, §8.W.1 (March 31). 

TURNER AND NEWALL RESEARCH FELLOWSHIPS for research 
engineering, inorganic chemistry, physics and allied subjecte— 
Registrar, The University, Manchester 13 (April 30). 

LC.I. RESEARCH FELLOWSHIPS for research in chemistry, physic 
and Dey subjects—The Registrar, The University, Manchester } 
(Aprib 30) 

STATISTICIAN with experience of ‘operational research’ for 
on strength of packages, and a GRADUATE CHEMIST for work 
emulsification problems in lithographic printing—The Printi 
Packaging and Allied Trades Research Association, Randal 
Leatherhead, Surrey. 

LECTURER IN BIOLOGY—The Principal, Derby Technical Co 
Normanton Road, Derby. 

BIOCHEMISTS (2) with research experience, for work on the 
aration and characterization of large molecules of biological o pa 
The Secretary, Rothamsted Experimental Station, Harpenden, B 

RESEARCH CHEMIST—Dr. A. B. P. Page, Imperial College 
Station, Silwood Park, Sunninghill, Berks. 

RESEARCH ASSISTANT to work on horticultural problems, espec 
those relating to glasshouses and glasshouse crops—The Cw 
eR Innes Horticultural Institution, 31 Mostyn Road, Le 
S.W 

Youne Cuemist, for research in microbiology—The § 
Wright—Fleming Institute of Microbiology, St. Mary’s Hos 
Paddington, London, W.2. 

ELECTRICAL ENGINEERS in the Electrical Department, Gold @ 
Colony—The Director of Recruitment, Colonial Office, Sa 
ee Great Smith Street, London, 8.W.1, quoting Ref. 

7324/5. 

RESEARCH ASSISTANT IN CONCRETE TECHNOLOGY—The Profi 
of Concrete Technology, City and Guilds College, South Kensin 
London, 8.W.7. 

EDUCATIONAL PSYCHOLOGIST—The Director of Education, Gul 
hall, Kingston-upon-Hull. 

ASSISTANT PROFESSOR (honours graduate) IN MECHANICAL 
INEERING, and LECTURERS IN MATHEMATICS (one Lecturer, 
honours degree or equivalent Cy ae i Electrical Enginee 
and one Lecturer, with honours d uivalent qualific 
in Metallurgy), at the Royal » hs Col lege, Greenwich— 
Secretary to the Admiralty (C.K. Branch 1), Admiralty, Lo 
8.W.1. 


January 15, 


London, 











